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Abstract
We investigate the semi-leptonic decays of B¯ → D(∗)`ν¯ in terms of the Heavy-Quark-
Effective-Theory (HQET) parameterization for the form factors, which is described with
the heavy quark expansion up to O(1/m2c) beyond the simple approximation considered
in the original CLN parameterization. An analysis with this setup was first given in the
literature, and then we extend it to the comprehensive analyses including (i) simultaneous
fit of |Vcb| and the HQET parameters to available experimental full distribution data and
theory constraints, and (ii) New Physics (NP) contributions of the V2 and T types, such
as (cγµPRb)(`γµPLν`) and (cσ
µνPLb)(`σµνPLν`), to the decay distributions and rates. For
this purpose, we perform Bayesian fit analyses by using Stan program, a state-of-the-art
public platform for statistical computation. Then, we show that our |Vcb| fit results for
the SM scenarios are close to the PDG combined average from the exclusive mode, and
indicate significance of the angular distribution data. In turn, for the SM + NP scenarios,
our fit analyses find that non-zero NP contribution is favored at the best fit point for both
SM + V2 and SM + T depending on the HQET parameterization model. A key feature
is then realized in the B¯ → D(∗)τ ν¯ observables. Our fit result of the HQET parameters
in the SM(+T ) produces a consistent value for RD while smaller for RD∗ , compared with
the previous SM prediction in the HFLAV report. On the other hand, SM + V2 points
to smaller and larger values for RD and RD∗ than the SM predictions. In particular,
the RD∗ deviation from the experimental measurement becomes smaller, which could be
interesting for future improvement on measurements at the Belle II experiment.
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1 Introduction
The semi-leptonic processes B¯ → D(∗)`ν¯ for ` = e, µ have been studied from various per-
spectives. In particular, the decay rates are of great interest as it determines the Cabibbo-
Kobayashi-Maskawa [1, 2] (CKM) matrix element |Vcb| in the Standard Model (SM). Kinetic
distributions of the processes are also important, for instance, to experimentally measure the
ratios with the semi-tauonic modes, RD(∗) = B(B¯ → D(∗)τ ν¯)/B(B¯ → D(∗)`ν¯), in which discrep-
ancies between the experimental measurements and the SM predictions have been reported.
To investigate these issues, however, we need a sufficient knowledge on the hadron transi-
tions B¯ → D(∗). In the literature, there are several theoretical descriptions on the form factors
(FFs). The CLN parameterization [3], applying heavy quark symmetry to FFs based on the
Heavy-Quark-Effective-Theory [4, 5] (HQET), has been used for this purpose. The BGL pa-
rameterization [6] is an alternative that relies only on QCD dispersion relations, which implies
the model independent one.
An advantage of the former is that it describes the B¯ → D and B¯ → D∗ FFs with a few
common parameters, and thus a combined analysis is possible, e.g., see Ref. [7]. The latter,
on the other hand, includes larger number of independent parameters so that a flexible fit
analysis is given, although it needs experimental data with higher statistics. Then, the |Vcb|
determinations from these two approaches have been in the spotlight since their results are not
consistent with each other, see discussions in Refs. [8, 9, 10, 11, 12, 13, 14].
In the recent studies of Refs. [15, 16], the authors have revisited the HQET parameterization
by adopting a setup beyond the CLN approximation and taking 1/m2c corrections into account
for the heavy quark expansion. This approach introduces 23 free HQET parameters which
have to be determined from experiments and/or theoretical constraints (as also reviewed and
discussed in this paper.) At the expense of such a large number of parameter set, it has been
found [16] that the SM fit result of |Vcb| is in good agreement with the one obtained from the
BGL parameterization.
In this paper, we investigate B¯ → D(∗)`ν¯ with the use of this HQET parameterization by
concerning the following points:
• We include all the available full distribution data of B¯ → D(∗)`ν¯ from the Belle measure-
ments [17, 18, 19] in our fit analysis1 to simultaneously determine |Vcb| and the HQET
parameters. Indeed, this is not the case for the reference as will be explained later.
• We consider New Physics (NP) effects on B¯ → D(∗)`ν¯ that could affect both branching
ratios and decay distributions. Here, a simultaneous fit for the size of the NP contribu-
tions, |Vcb|, and the HQET parameters is performed in our analysis. Then it is shown
that a non-negligible NP contribution is still allowed and it satisfies the experimental
data. We also provide complete formulae on the decay distributions and the FFs in the
presence of NP.
• We perform Bayesian fit analysis with the use of Stan [21], a public platform for statistical
computation, which has been widely known in the statistical science community and
thus could give independent check to the previous studies. We also obtain quantitative
evaluations on our fit results in various parameterization scenarios with/without NP by
looking at information criterion [22].
In addition, we put some comparison with the CLN parameterization, and also see our predic-
tions on the B¯ → D(∗)τ ν¯ observables. Then, we see that NP predictions on RD(∗) obtained from
1The BaBar experimental analysis is given in Ref. [20], but they do not provide detailed information on
distribution data.
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our fit results are different from the SM predictions, and that this could be a key feature for the
NP search in the B¯ → D(∗)τ ν¯ observables. We would like to stress that this is a comprehensive
fit analysis for the HQET parameterization with/without the NP contributions.
This paper is organized as follows. In Sec. 2, we describe our theory setup for the HQET
parameterization and formulae for the decay distributions in the presence of NP. In Sec. 3, we
detail our fit procedure along with summary of theory constraints and experimental measure-
ments to be taken in our analysis. Then we discuss our results in the various scenarios. Finally,
a summary is put in Sec. 4. Details of our fit results, distribution formulae, and some theory
constraints are given in Appendices.
2 Theory setup
In this work, we start with the effective Hamiltonian that affects B¯ → D(∗)`ν¯, given as
Heff = 4GF√
2
Vcb
[
(cγµPLb)(`γµPLν`) + CV2(cγ
µPRb)(`γµPLν`) + CT (cσ
µνPLb)(`σµνPLν`)
]
,
(1)
where PL/R = (1 ∓ γ5)/2 and CT (V2) 6= 0 indicates existence of a tensor (V + A vector in c¯b)
type NP. The SM-like NP always rescales Vcb and then we do not consider this case since its
effect has to be examined by indirect or combined approaches. As long as the light lepton mode
(` = e, µ) is concerned, note that the scalar type operators, (cPRb)(`PLν`) and (cPLb)(`PLν`),
do not affect the present processes due to the light lepton mass suppression. We assume that
NP has e-µ universal (CeX = C
µ
X ≡ CX) and CX is real. This is a conservative choice since
B(B¯ → D(∗)µν¯)/B(B¯ → D(∗)eν¯) ≈ 1±O(%) has been reported [17, 18, 19]. Also the neutrino
is always taken as left-handed.
In the following part of this section, we will present theory descriptions and formulae nec-
essary for our fit analysis.
2.1 HQET description of Form Factors
In the HQET basis, all possible types of the B → D(∗) current are defined as
〈D|c¯γµb|B〉HQET = √mBmD
[
h+(v + v
′)µ + h−(v − v′)µ
]
, (2)
〈D|c¯b|B〉HQET = √mBmD(w + 1)hS , (3)
〈D|c¯σµνb|B〉HQET = −i√mBmD hT
[
vµv′ν − v′µvν] , (4)
〈D∗|c¯γµb|B〉HQET = i√mBmD∗hV εµνρσ∗νv′ρvσ , (5)
〈D∗|c¯γµγ5b|B〉HQET = √mBmD∗
[
hA1(w + 1)
∗µ − (∗ · v) (hA2vµ + hA3v′µ)
]
, (6)
〈D∗|c¯γ5b|B〉HQET = −√mBmD∗(∗ · v)hP , (7)
〈D∗|c¯σµνb|B〉HQET = −√mBmD∗εµνρσ
[
hT1
∗
ρ(v + v
′)σ + hT2
∗
ρ(v − v′)σ
+ hT3(
∗ · v)(v + v′)ρ(v − v′)σ
]
, (8)
where vµ = pµB/mB, v
′µ = pµ
D(∗)/mD(∗) , w = v · v′ = (m2B + m2D(∗) − q2)/(2mBmD(∗)), and
hX ≡ hX(w) are the HQET form factors in terms of w. Then, hX can be represented by the
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leading Isgur-Wise [4] (IW) function ξ and its correction, defined as hX(w) = ξ(w)hˆX(w). In
this work, we consider
hˆX = hˆX,0 +
αs
pi
δhˆX,αs +
Λ¯
2mb
δhˆX,mb +
Λ¯
2mc
δhˆX,mc +
(
Λ¯
2mc
)2
δhˆX,m2c , (9)
where
hˆX,0 =
{
1 for X = +, A1, A3, S, P, T, T1
0 for X = −, A2, T2, T3
, (10)
and others indicate higher order corrections in αs and 1/mb,c expansions. In this work, the above
HQET expansion is given at the matching scale µb = 4.2 GeV with values for the expansion
coefficients to be fixed as a = αs/pi = 0.0716, b = Λ¯/(2mb) = 0.0522, and c = Λ¯/(2mc) =
0.1807. Possible uncertainties to the coefficients from quark masses are rather small, and also
essentially correspond to rescaling of δhˆX,f . Thus we neglect those uncertainties hereafter. The
complete expressions for δhˆX,f are summarized in Appendix A.
The 1/mQ correction consists of three unknown sub-leading IW functions defined as ξ3(w),
χ2(w), and χ3(w) [7], whereas 1/m
2
Q of six subsub-leading IW functions `1-6(w) [23]. Thus we
have in total ten IW functions that are in principle unknown and then have to be fitted. We
also employ the notation such as
η(w) =
ξ3(w)
ξ(w)
, χˆi(w) =
χi(w)
ξ(w)
, ˆ`i(w) =
`i(w)
ξ(w)
. (11)
Then, we can express any of the IW functions by means of series expansion around w = 1.
Namely, we take
f(w) =
∑
n=0
f (n)
n!
(w − 1)n , (12)
for f = ξ, η, χˆi, and ˆ`i. Here, f
(n) ≡ ∂nf(w)
∂wn
∣∣∣
w=1
are free parameters to be fitted by theoretical
and/or experimental analysis. Analytic properties of the matrix elements indicate that the
above expansion can be represented by
w(z) = 2
(
1 + z
1− z
)2
− 1 , (13)
up to the order of interest. For instance, we have
f(w) = f (0) + 8f (1)z + 16
(
f (1) + 2f (2)
)
z2 +
8
3
(
9f (1) + 48f (2) + 32f (3)
)
z3 +O(z4) . (14)
Note that ξ(0) = 1 and χˆ
(0)
3 = 0 in the HQET description. Following Ref. [16], the cases of
NNLO(3/2/1) : ξ(w) up to z3 , χˆ2,3(w) and η(w) up to z
2 , ˆ`1-6(w) up to z
1 , (15)
NNLO(2/1/0) : ξ(w) up to z2 , χˆ2,3(w) and η(w) up to z
1 , ˆ`1-6(w) up to z
0 , (16)
are investigated in our analysis. In addition, we consider
NLO(3/2/-) : ξ(w) up to z3 , χˆ2,3(w) and η(w) up to z
2 , ˆ`1-6(w) = 0 , (17)
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just for comparison to see how ˆ`1-6(w) improves the parameter fit.
A final remark is that we have two kinds of expansion, namely, by a,b,c and z in the form
factor hˆX . A significant point is that their highest orders, as assumed above, have to be kept
in observables even though it is obtained by multiplying hˆXs. Otherwise, higher order terms
than what we take are included unfairly. Schematically, a proper expansion for any observable
is written as
Obs. =O(0z0) +O(0z1) +O(0z2) +O(0z3) +O(1az0) +O(1az1) +O(1az2) +O(1az3)
+O(1b,cz0) +O(1b,cz1) +O(1b,cz2) +O(2cz0) +O(2cz1) , (18)
before the w integration, where a = αs/pi and b,c = Λ¯/(2mb,c).
2.2 Formula for B¯ → D`ν¯: w distribution
The differential decay rate of B¯ → D`ν¯ with respect to w is written as
dΓD
dw
= G2F |Vcb|2
mBm
2
Dη
2
EW
48pi3
(1− 2rDw + r2D)
√
w2 − 1
[
(1 + CV2)
2Hs(w)
2 + 2|CT |2HTs (w)2
]
,
(19)
where rD = mD/mB and ηEW = 1.0066 ± 0.0050 accounts for the leading electroweak correc-
tions [24, 25]. The Hadronic Amplitudes are given as [26, 27, 28]
Hs(w) = mB
√
rD
√
w2 − 1√
1− 2rDw + r2D
[(1 + rD)h+(w)− (1− rD)h−(w)] ,
HTs (w) = −mB
√
rD
√
w2 − 1hT (w) . (20)
Note that the tensor NP do not interfere with the SM since the ` helicity is flipped in the
massless limit of the light lepton due to spin structure of ¯`σµνν. One can see that
G(w) = h+(w)− 1− rD
1 + rD
h−(w) , (21)
is the usual normalization factor for the SM. In the CLN parameterization, it is approximated
with a single parameter such as G(w) ≈ G(1) [1− 8ρ2z + (51ρ2 − 10)z2 − (252ρ2 − 84)z3]. Com-
paring it with the present forms of h±(w) given in Appendix A, we obtain
G(1) ' 1.0883− 0.1227η(0) + 0.0327ˆ`(0)1 − 0.0156ˆ`(0)4 , (22)
−8ρ2G(1) ' 0.3751 + 8.7061ξ(1) − 7.4528χˆ(0)2 + 22.3584χˆ(1)3 − 0.9816
(
η(1) + η(0)ξ(1)
)
+ 0.2612
(
ˆ`(1)
1 +
ˆ`(0)
1 ξ
(1)
)− 0.1247(ˆ`(1)4 + ˆ`(0)4 ξ(1)) , (23)
in our setup. We can see that the NNLO parameters ˆ`
(n)
1,4 affect these quantities. Note that the
z2 and z3 terms in the CLN parameterization are approximated with the single parameter ρ2
and hence it is not applicable for our case.
2.3 Formula for B¯ → D∗`ν¯: full angular distribution
Concerning the available experimental data, we show the full differential decay rate for B0 →
D∗−(→ D¯0pi−)`ν¯ in the presence of the NP contributions:
dΓfullD∗
dw d cos θ` d cos θV dχ
=B(D∗− → D¯0pi−)G2F |Vcb|2
3mBm
2
D∗η
2
EW
4(4pi)4
(24)
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× (1− 2rD∗w + r2D∗)
√
w2 − 1
6∑
i=1
Ji(θ`, θV , χ)Hi(w) ,
where Ji include angular dependences2 obtained as
J1 = (1− cos θ`)2 sin2 θV , J2 = (1 + cos θ`)2 sin2 θV ,
J3 = 4 sin2 θ` cos2 θV J4 = −2 sin2 θ` sin2 θV cos 2χ ,
J5 = −4 sin θ`(1− cos θ`) sin θV cos θV cosχ ,
J6 = +4 sin θ`(1 + cos θ`) sin θV cos θV cosχ ,
J7 = 2 sin2 θ` sin2 θV , J8 = 8 cos2 θ` cos2 θV , (25)
and Hi indicate hadronic parts described as
H1(w) =
(
H+(w)− CV2H−(w)
)2
,
H2(w) =
(
H−(w)− CV2H+(w)
)2
,
H3(w) = (1− CV2)2H0(w)2 ,
H4(w) =
(
H+(w)− CV2H−(w)
)(
H−(w)− CV2H+(w)
)
+ 16|CT |2HT−(w)HT+(w) ,
H5(w) = (1− CV2)H0(w)
(
H+(w)− CV2H−(w)
)
+ 8|CT |2
(
HT0 (w)H
T
−(w)−HT0 (w)HT+(w)
)
,
H6(w) = (1− CV2)H0(w)
(
H−(w)− CV2H+(w)
)
+ 8|CT |2
(
HT0 (w)H
T
−(w)−HT0 (w)HT+(w)
)
,
H7(w) = 8|CT |2
(
HT+(w)
2 +HT−(w)
2
)
,
H8(w) = 8|CT |2HT0 (w)2 . (26)
Note again that there is no interference term between the vector and tensor currents. Then,
we can write the Hadronic Amplitudes H
(T )
n from Refs. [26, 27, 28] as
H±(w) = mB
√
rD∗
[
(w + 1)hA1(w)∓
√
w2 − 1hV (w)
]
,
H0(w) = mB
√
rD∗
√
w2 − 1√
1− 2rD∗w + r2D∗
[
(rD∗ − w)hA1(w) + (w − 1)(rD∗hA2(w) + hA3(w))
]
,
HT±(w) = mB
√
rD∗
1− rD∗(w ∓
√
w2 − 1)√
1− 2rD∗w + r2D∗
×
[
hT1(w) + hT2(w) + (w ±
√
w2 − 1)(hT1(w)− hT2(w))
]
,
HT0 (w) = −mB
√
rD∗
[
(w + 1)hT1(w) + (w − 1)hT2(w) + 2(w2 − 1)hT3(w)
]
. (27)
The angular dependence of Eq. (25) can be derived as explained in Appendix B. The normal-
ization factor is given as F(1) = hA1(1) and then our setup leads to
F(1) ' 0.9702 + 0.0327ˆ`(0)2 . (28)
2 Note that the definition of θ` here is not the same as θτ in Ref. [26], but related as θ` = pi − θτ .
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In the CLN parameterization, w dependence on F(w) is approximated by using the follow-
ing functions: hA1(w) with the slope ρ
2
D∗ similar to G(w), R1(w) = hV (w)/hA1(w), and
R2(w) =
(
hA3(w) + rD∗hA2(w)
)
/hA1(w), where the latter two are expanded in (w − 1). But,
this simplification is not proper for the present parameterization since it conflicts with the a,b,c
and z expansions. We will get back to this point later.
3 Fit analysis
3.1 Theory constraints on form factors
There are theoretical studies to evaluate the form factors at specific points of w with respect
to the following quantities:
fB→D+ (w) =
1
2
√
rD
[
(1 + rD)h+(w)− (1− rD)h−(w)
]
, (29)
fB→D0 (w) =
√
rD
[
w + 1
1 + rD
h+(w) +
w − 1
1− rDh−(w)
]
, (30)
fB→DT (w) =
1 + rD
2
√
rD
hT (w) , (31)
AB→D
∗
1 (w) =
√
rD∗(1 + w)
1 + rD∗
hA1(w) , (32)
AB→D
∗
0 (w) =
1
2
√
rD∗
[
(w + 1)hA1(w) + (w rD∗ − 1)hA2(w) + (rD∗ − w)hA3(w)
]
, (33)
V B→D
∗
(w) =
1 + rD∗
2
√
rD∗
hV (w) , (34)
TB→D
∗
1 (w) =
1
2
√
rD∗
[
(1 + rD∗)hT1(w)− (1− rD∗)hT2(w)
]
, (35)
TB→D
∗
2 (w) =
√
rD∗
[
w + 1
1 + rD∗
hT1(w)−
w − 1
1− rD∗ hT2(w)
]
, (36)
TB→D
∗
23 (w) =
1 + rD∗
4
√
rD∗
[
(w + 1)hT1(w) + (w − 1)hT2(w)− (w2 − 1)hT3(w)
]
. (37)
Then, the lattice studies [29, 30, 31] provide the following evaluations
fB→D+ ({1, 1.08, 1.16}) = {1.1994(95), 1.0941(104), 1.0047(123)} , (38)
fB→D0 ({1, 1.08, 1.16}) = {0.9026(72), 0.8609(77), 0.8254(94)} , (39)
hA1(1) = 0.904± 0.012 . (40)
In Ref. [32], the form factors at q2 = {0,−5,−10,−15}GeV2 have been evaluated by a light-cone
sum rule (LCSR) approach. The result can be summarized as
fB→D+ ({1.59, 1.84, 2.10, 2.35}) = {0.65(8), 0.55(7), 0.48(6), 0.42(5)} , (41)
fB→D0 ({1.84, 2.10, 2.35}) = {0.62(8), 0.59(7), 0.56(7)} , (42)
fB→DT ({1.59, 1.84, 2.10, 2.35}) = {0.57(5), 0.46(3), 0.38(3), 0.33(2)} , (43)
AB→D
∗
1 ({1.50, 1.74, 1.98, 2.21}) = {0.60(9), 0.56(9), 0.53(9), 0.50(8)} , (44)
AB→D
∗
0 ({1.74, 1.98, 2.21}) = {0.55(8), 0.47(7), 0.40(7)} , (45)
V B→D
∗
({1.50, 1.74, 1.98, 2.21}) = {0.69(13), 0.59(11), 0.50(9), 0.44(8)} , (46)
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TB→D
∗
1 ({1.50, 1.74, 1.98, 2.21}) = {0.63(10), 0.54(9), 0.45(8), 0.39(7)} , (47)
TB→D
∗
2 ({1.74, 1.98, 2.21}) = {0.60(10), 0.58(10), 0.55(10)} , (48)
TB→D
∗
23 ({1.50, 1.74, 1.98, 2.21}) = {0.81(11), 0.74(11), 0.69(10), 0.65(10)} , (49)
where w = {1.59, · · · } and w = {1.50, · · · } correspond to q2 = {0, · · · } for B → D and
B → D∗, respectively. Thanks to this comprehensive work, for instance, a fit analysis to
“theory constraints only” is even possible.
In addition, QCD sum rule (QCDSR) can evaluate the sub-leading IW functions as in
Refs. [33, 34, 35]. By using formulae in the literature with updated QCD input data, we derive
the following constraints
−0.08 < χˆ(0)2 < −0.04 , −0.02 < χˆ(1)2 < +0.02 , −0.03 < χˆ(2)2 < +0.01 , (50)
+0.01 < χˆ
(1)
3 < +0.06 , −0.07 < χˆ(2)3 < +0.02 , (51)
+0.50 < η(0) < +0.73 , +0.01 < η(1) < +0.07 , −0.12 < η(2) < −0.02 . (52)
We show a detail of these constraints in Appendix C.
In addition, we need to take care of Unitarity Bound (UB) for the case of the HQET
parameterization. Following Eqs.(5) – (20) of Ref. [3], we obtain the functions UJP in terms of
the present HQET parameters to be constrained by
U0+ < χ0+(0) ≈ (5.96± 0.44)× 10−3 , (53)
U0− < χ˜0−(0) ≈ (1.33± 0.04)× 10−2 , (54)
U1+ < mB∗mD∗χ1+(0) ≈ (3.90± 0.16)× 10−3 , (55)
U1− < mB∗mD∗χ˜1−(0) ≈ (3.58± 0.18)× 10−3 , (56)
where the explicit forms of UJP are a bit lengthy and thus we put a Mathematica file in the
source of the ArXiv version. The above numerical bounds are obtained by using recent data of
(excited) Bc states [36, 37] and quark masses [38], instead of the original one [3].
For now, we leave discussion on how we take the uncertainties of these theoretical constraints
in our fit analysis. It will be explained later.
3.2 Experimental data
The kinetic distributions of B¯ → D(∗)`ν¯ have been measured by the Belle collaboration in
Refs. [17, 18, 19]. Available experimental data are then w distributions of B¯ → D`ν¯ [17]
(denoted as Belle15), and full kinetic (w, θ`, θV , χ) distributions of B¯ → D∗`ν¯ with the successive
decay D∗ → Dpi [18, 19]. The latter includes two independent measurements; one with hadronic
tagging [18] (Belle17) and with untagged approach [19] for each e and µ mode (Belle18-e and
Belle18-µ).
The Belle15 data correspond to the binned decay rate with respect to w, where the four
processes, B¯0 → D+e−ν¯, B¯0 → D+µ−ν¯, B¯− → D0e−ν¯, and B¯− → D0µ−ν¯, are combined. The
Belle17 data are given in terms of the unfolded decay rate of B¯0 → D∗+`−ν¯ for a corresponding
bin ∆Γ
∆x
. This is derived from Eq. (24) as
∆Γ
∆x
=
1
B(D∗+ → D0pi+)
∫
∆x
dΓfullD∗
dx
, (57)
for x = (w, cos θ`, cos θV , χ). On the other hand, the Belle18 data are shown in terms of binned
signal event ∆N
∆x
∣∣
i
(for i-th bin) in which the folded effect is presented by Response Matrix R
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Name Object Description
Belle15 [17] B¯ → D`ν¯ w distribution (10)
Belle17 [18] B¯0 → D∗+`−ν¯ (w, θ`, θV , χ) distributions (40)
Belle18-e [19] B¯0 → D∗+e−ν¯ (w, θ`, θV , χ) distributions (40)
Belle18-µ [19] B¯0 → D∗+µ−ν¯ (w, θ`, θV , χ) distributions (40)
BR [38] B¯ → D(∗)`ν¯ branching ratios (2)
Lattice [29, 30, 31] FFs (fB→D+,0 , hA1) Eqs. (38)–(40) constraints (7
∗)
LCSR [32] FFs (fB→D+,0,T , A
B→D∗
1,0 , V
B→D∗ , TB→D
∗
1,2,23 ) Eqs. (41)–(49) constraints (33)
QCDSR [33, 34, 35] FFs (χˆ
(n)
2,3 , η
(n)) Eqs. (50)–(52) constraints (8)
UB [3] UJP Eqs. (53)–(56) constraints (4)
Table 1: Summary of the experimental data and the theory constraints used in our fit analysis.
Numbers of independent data points are also exhibited in brackets. (∗) The relation f+(q2 =
0) = f0(q
2 =0) implies that the lattice result has only 6 independent observables.
together with efficiency ε among the bins. This is obtained as
∆N
∆x
∣∣∣∣
i
= NB0 τB0 B(D¯0 → K−pi+)Rij εj
∫
∆xj
dΓfullD∗
dx
, (58)
where NB0 , Rij, and εj are provided in Ref. [19] for each e and µ modes.
Furthermore, we also take the world averages of the branching ratios (BR) of B¯ → D(∗)`ν¯ [38]
in our fit. A short summary for the experimental data and the theory constraints is shown in
Table 1. Correlations among the bins for each measurement are also taken into account in our
fit analysis, (see corresponding references.)
3.3 Fit procedure
In this work, a Bayesian fit analysis is applied to obtain allowed ranges of the HQET param-
eters and |Vcb| with the use of Markov-Chain-Monte-Carlo (MCMC) method by Stan [21], a
state-of-the-art platform for statistical modeling and high-performance statistical computation,
implemented in MathematicaStan [39]. The analysis is performed by MCMC runs involving
10 chains with Hamiltonian Monte Carlo algorithm giving 104 sampling points for every fit.
Although Stan is widely known in the statistical science community, it has not often been
used in particle physics analysis. This enables us to give independent check of fit results
obtained from public/private codes developed by particle physicists.
Our fit procedure is briefly exhibited as follows. We basically take into account the full
experimental data points of B¯ → D(∗)`ν¯ and the applicable theoretical constraints on the
specific FFs, as summarized in Table 1. Namely, 184 data points are used to fit the free
parameters. Regarding the theory constraints, we need to declare ways of treating uncertainties.
First, we simply take them as normal distributions in order to obtain mean values and variances
from the sampling points of the fitted parameters. As for the UBs, it is assumed such as, e.g.,
(U0+−0)2/χ0+(0)2. This means that 1σ deviation is the threshold for UB which should have to
be satisfied in a final result. We will check this point later. After then, we will also discuss the
QCDSR bounds on χˆ
(n)
2,3 and η
(n) since they include special input of T and ω0 (see Appendix C
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for more detail) that have no fair description of “central value”.3
For comparison and later discussion, we also consider the following case where limited data
points are taken into account for a fit analysis: w+theory – only the w distributions along
with the theory constraints and the branching ratios.
As for the phenomenological mode, we investigate SM, SM+V2, and SM+T as described in
Eq. (1) with the HQET parameterization for the FFs. Then we evaluate Information Criterion
that offers the predictive accuracy of the model. To be precise, we employ cAIC defined as [22]
cAIC = −2 lnL+ 2k(k + 1)
n− k − 1 , (59)
where L is the maximum likelihood and n (k) denotes the number of data points (the model
parameters to be fitted). The second term gives a penalty for overestimate of increasing number
of model parameters. In our case, k = 23 + 1(+1) in the SM(+NP) for NNLO (3/2/1), and
similarly k = 13 + 1(+1) for (2/1/0), with n = 184. A preferred model has a smaller cAIC.
3.4 Result
First, we show our fit results of the HQET parameters and |Vcb| for the SM(+NP) scenarios at
the NNLO heavy quark expansion in Table 2. We also evaluate how the present phenomeno-
logical models improve fit to data points by looking at difference in Information Criterion from
a reference model. We define ∆ICmodel = cAIC0 − cAICmodel, where cAIC0 = 987.4 is the fit
result of our reference model, SM NLO(3/2/-). We remark that a larger value of ∆IC implies a
better improvement from the reference model. As seen from the result, all the present models
improve the fit compared with the reference model in which ˆ`
(n)
i = 0 is taken. This illustrates
significance of non-zero values (beyond variances) for the NNLO parameters.
On the other hand, one finds that SM (2/1/0) is more preferred than SM (3/2/1). This is
also similar to the cases of the SM + NP scenarios. This means that 23 HQET parameters in
(3/2/1) are surplus to the present available experimental/theory 184 data points, and then 13
in (2/1/0) are sufficient to explain the available data points at present. However, we believe
that this is not conclusive since it could vary as additional measurements become available in
the future, e.g., by the Belle II experiment. Therefore, we still continue to examine the both
cases of (2/1/0) and (3/2/1) in the following part of this work. For more details of our fit
results, such as correlation matrix, see Appendix D.
As a consistency check with integrated observables, we generate the branching ratios and
the D∗ polarization (e mode) that result in
B(B¯0 → D+`−ν¯)SM =
[
(2.23± 0.05)% ; (2.20± 0.05)%
]
, (60)
B(B¯0 → D∗+`−ν¯)SM =
[
(5.06± 0.05)% ; (5.07± 0.05)%
]
, (61)
FD
∗
L (B¯
0 → D∗+e−ν¯)SM =
[
0.534± 0.002 ; 0.531± 0.002
]
, (62)
in the SM for the cases of
[
(2/1/0); (3/2/1)
]
, respectively. This is compared with the experi-
mental measurements of B(B¯0 → D+`−ν¯)exp = (2.31±0.03±0.09)% and B(B¯0 → D∗+`−ν¯)exp =
(5.06 ± 0.02 ± 0.12)% from the world average [40], and FD∗L (B¯0 → D∗+e−ν¯)exp = 0.56 ± 0.02
from Ref. [41]. Note that FD
∗
L (B¯
0 → D∗+e−ν¯)exp is still preliminary (and thus we did not take
it in our fit.) We can see that they are in good agreements within uncertainties, but the best
fit point for the D mode is a bit smaller than data.
3 This issue might be similar for the LCSR bounds, but it is beyond the scope of the present work.
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SM (2/1/0) SM (3/2/1) SM + V2 (2/1/0) SM + V2 (3/2/1) SM + T (2/1/0)
|Vcb| × 103 39.7± 0.6 39.3± 0.6 39.9± 0.6 39.9± 0.5 39.7± 0.6
CNP - - 0.02± 0.01 0.05± 0.01 |0.02± 0.01|
ξ(1) −1.10± 0.04 −0.93± 0.10 −1.09± 0.04 −0.94± 0.09 −1.09± 0.04
ξ(2) +1.57± 0.10 +1.35± 0.26 +1.55± 0.10 +1.37± 0.25 +1.56± 0.10
ξ(3) - −2.67± 0.75 - −2.71± 0.73 -
χˆ
(0)
2 −0.06± 0.02 −0.05± 0.02 −0.06± 0.02 −0.05± 0.02 −0.06± 0.02
χˆ
(1)
2 +0.01± 0.02 +0.01± 0.02 +0.01± 0.02 +0.01± 0.02 +0.01± 0.02
χˆ
(2)
2 - −0.01± 0.02 - −0.02± 0.02 -
χˆ
(1)
3 −0.03± 0.01 −0.05± 0.02 −0.04± 0.01 −0.05± 0.02 −0.03± 0.01
χˆ
(2)
3 - −0.03± 0.03 - +0.01± 0.03 -
η(0) +0.38± 0.06 +0.74± 0.11 +0.37± 0.06 +0.71± 0.11 +0.40± 0.06
η(1) +0.08± 0.03 +0.05± 0.03 +0.08± 0.03 +0.05± 0.03 +0.08± 0.03
η(2) - −0.05± 0.05 - −0.06± 0.05 -
ˆ`(0)
1 +0.50± 0.16 +0.09± 0.18 +0.48± 0.16 +0.19± 0.18 +0.50± 0.16
ˆ`(1)
1 - +1.20± 2.09 - −0.70± 1.92 -
ˆ`(0)
2 −2.16± 0.29 −2.29± 0.33 −1.93± 0.32 −1.64± 0.36 −2.24± 0.29
ˆ`(1)
2 - −3.66± 1.56 - −2.92± 1.55 -
ˆ`(0)
3 −1.14± 2.34 −1.90± 12.4 −0.23± 2.39 −1.50± 12.6 −1.21± 2.29
ˆ`(1)
3 - +3.91± 4.35 - +4.29± 4.31 -
ˆ`(0)
4 +0.82± 0.47 −2.56± 0.94 +0.97± 0.48 −2.22± 0.94 +0.76± 0.47
ˆ`(1)
4 - +1.78± 0.93 - +1.82± 0.91 -
ˆ`(0)
5 +1.39± 0.43 +3.96± 1.17 +2.03± 0.59 +6.31± 1.32 +1.32± 0.43
ˆ`(1)
5 - +2.10± 1.47 - +2.29± 1.51 -
ˆ`(0)
6 +0.17± 1.15 +4.96± 5.76 +0.90± 1.23 +7.15± 5.87 +0.06± 1.15
ˆ`(1)
6 - +5.08± 2.97 - +5.52± 3.04 -
∆IC 162.4 118.1 161.5 128.4 161.3
Table 2: Fit results of the simultaneous determinations for the HQET parameters and |Vcb|
in several phenomenological models at NNLO with/without NP. Larger value of ∆IC indicates
better improvement of the fit from the reference model of NLO(3/2/-).
3.4.1 |Vcb| determination
Our fit results for |Vcb| in the SM (2/1/0) and (3/2/1) scenarios are both close to the PDG
combined average, (39.5±0.9)×10−3, from the exclusive mode [38]. In Table 3, we put summary
for the recent |Vcb| determinations along with the normalization factors G(1) and F(1).
Here we would like to discuss difference in the |Vcb| determination between our results and
one from Ref. [16]. In their work, |Vcb| has been extracted by using the fit result of the HQET
parameters, and after then, by taking the integrated branching ratios of B¯ → D(∗)`ν¯. Although
the former fit analysis includes the experimental w distributions, it is utilized only to fit the
HQET parameters. Indeed, we find that their result can be reproduced when we perform the
fit analysis with the data set of w+theory as shown in Table 3. Therefore, we emphasize that
the angular distributions are also significant for the |Vcb| determination.
We also provide a fit result for G(w) and F(w) comparing them with those in the CLN
parameterization. The traditional form of G(w) is expanded by z, with the coefficients by
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all (2/1/0) all (3/2/1) PDG/HFLAV [38, 40] w+theory (3/2/1) Ref. [16] (3/2/1)
|Vcb| × 103 39.7± 0.6 39.3± 0.6 39.5± 0.9 40.3± 0.6 40.3± 0.8
G(1) 1.044± 0.006 1.041± 0.006 1.054± 0.009 1.044± 0.006 -
F(1) 0.900± 0.009 0.895± 0.011 0.904± 0.012 0.895± 0.011 -
Table 3: Comparison of the |Vcb| determinations along with the normalization factors F(1)
and G(1). In our work, these factors are simultaneously produced by the fit analysis.
means of the slope parameter ρ2, and with the assumption estimated by UB as in Ref. [3]. In
our study, we can directly produce the coefficients in z expansion, defined as
G(w) ≡ G(1)
3∑
n=0
gnz
n , (63)
with g0 = 1. Our result is then
g1 = −7.77± 0.43 , g2 = 24.9± 5.3 , g3 = −38.6± 33.0 , (64)
and G(1) = 1.041± 0.006 for SM (3/2/1), where the correlation matrix is put in Appendix D.
This is compared with the CLN form
g1 = −8ρ2 , g2 = 51ρ2 − 10 , g3 = −252ρ2 + 84 , (65)
for ρ2 = 1.131 ± 0.033 [40]. One can see that our result has ∼ 5 times larger uncertainties in
the coefficients. This is mainly due to inclusion of larger number of the parameters to be fitted.
Thus, our result is rather conservative than the simple approximation of CLN as expected.
Also, keep the discussion around Eq. (18) in mind when G(w)2 is calculated for the evaluation
of the decay rate.
The CLN form for F(w) is constructed with hA1(w), R1(w), and R2(w). As already ex-
plained, its CLN approximation is not appropriate for analyses with recent precise data. In-
stead, we provide the z expanded F(w) squared such as
F(w)2 ≡ F(1)2
3∑
n=0
f 2nz
n , (66)
with
F(1) = 0.895± 0.011 , f 21 = −13.0± 0.8 , f 22 = 55.9± 18.0 , f 23 = −762± 227 . (67)
3.4.2 NP scenarios
We have seen the fit results including the NP contributions in Table 2. In the SM + T
scenarios, our fit result indicates that the T contribution is constrained as |CT | < 0.025 at
95% confidence level, which means zero-consistent, for the case of (3/2/1). On the other hand,
|CT | = 0.02 ± 0.01 is obtained for (2/1/0) as seen from the table, which implies that the best
fit point favors non-zero T contribution although the uncertainty is still large. For both cases,
the HQET parameters and |Vcb| are then all consistent with those in the SM scenarios. This
could be very interesting since the HQET parameterization model affects the fit result of the
NP effect, and also the fit analysis has the NP sensitivity at the level of O(%).
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SM
(2
/1
/0
)
<latexit sha1_base64="JQZxGzp8cXM4xT+1m r3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/EraiPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6B GKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pb WWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMx i6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCF gRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjLUljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBY bql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofR k1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhRLPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT 28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1m r3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/EraiPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6B GKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pb WWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMx i6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCF gRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjLUljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBY bql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofR k1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhRLPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT 28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1m r3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/EraiPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6B GKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pb WWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMx i6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCF gRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjLUljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBY bql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofR k1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhRLPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT 28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1m r3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/EraiPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6B GKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pb WWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMx i6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCF gRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjLUljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBY bql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofR k1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhRLPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT 28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit>
SM+V2
(2/1/0)
<latexit sha1_base64="DmAXjK iSAVpt18dx2Nw6JPHThTE=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaRvqG+gqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjK iSAVpt18dx2Nw6JPHThTE=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaRvqG+gqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjK iSAVpt18dx2Nw6JPHThTE=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaRvqG+gqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjK iSAVpt18dx2Nw6JPHThTE=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaRvqG+gqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAcAO3Iw==</latexit>
SM+V2
(3/2/1)
<latexit sha1_base64="dIStfN J6yh/OQm0h2yISDT6kW2s=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaxvpG+oqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfN J6yh/OQm0h2yISDT6kW2s=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaxvpG+oqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfN J6yh/OQm0h2yISDT6kW2s=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaxvpG+oqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfN J6yh/OQm0h2yISDT6kW2s=">AAAC+3icSyrIySwuMTC4ycjEzMLKxs7B ycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSa mJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnE lKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6ii YaxvpG+oqVLLFS+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLk MqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5S oKpUoIpEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcF ngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYch A6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS 4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiOVgkGZ QYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwp g2goAdv+3Jg==</latexit>
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B ! X
c`⌫
<latexit sha1_base64="lNHRRGE7cywajT38jPplvgklgdk=">AAACznicn VFNSxxBEH07fm3WqKO5BPYyuBhyWmokEPEkevG4q1ldcGSZGdvdwZ4PZnoXdRHxJv4BDzklEIJ4SX5DLjnl5sGfEHJUyCUHa2cHRAUlVtPdr1/Vq66inEh6i SK6zGkDg0PDI/kXhdGXY+MT+uTUWhK2Y1fU3FCGcd2xEyG9QNSUp6SoR7GwfUeKdWdnqedf74g48cLgg9qLxKZvNwNv23NtxVRDL1pOKLd8W7WMRcNSoVFvuI YlpLSCdkMvUZlSMx4CMwMlZFYJ9V+wsIUQLtrwIRBAMZawkfDagAlCxNwmuszFjLzUL3CAAmvbHCU4wmZ2h88mvzYyNuB3L2eSql3+RfKOWWlghi7ojK7oJ5 3Tb/r3n7l2n5mtm2bpdbbHt9PXiqgxcfJ69e+TKp9vhdat6tGqFbYxl1brcfVRyvT6cPv6zv7p1er8ykz3DX2mP1z/J7qkH9xB0Ll2v1TFykcUeJzm/eE9BGu zZZPKZvVdaYGyweZRxDTe8vTeYwHLqKDG/x7hK77hu1bROtqBdtgP1XKZ5hXumHZ8AwKTqHA=</latexit><latexit sha1_base64="lNHRRGE7cywajT38jPplvgklgdk=">AAACznicn VFNSxxBEH07fm3WqKO5BPYyuBhyWmokEPEkevG4q1ldcGSZGdvdwZ4PZnoXdRHxJv4BDzklEIJ4SX5DLjnl5sGfEHJUyCUHa2cHRAUlVtPdr1/Vq66inEh6i SK6zGkDg0PDI/kXhdGXY+MT+uTUWhK2Y1fU3FCGcd2xEyG9QNSUp6SoR7GwfUeKdWdnqedf74g48cLgg9qLxKZvNwNv23NtxVRDL1pOKLd8W7WMRcNSoVFvuI YlpLSCdkMvUZlSMx4CMwMlZFYJ9V+wsIUQLtrwIRBAMZawkfDagAlCxNwmuszFjLzUL3CAAmvbHCU4wmZ2h88mvzYyNuB3L2eSql3+RfKOWWlghi7ojK7oJ5 3Tb/r3n7l2n5mtm2bpdbbHt9PXiqgxcfJ69e+TKp9vhdat6tGqFbYxl1brcfVRyvT6cPv6zv7p1er8ykz3DX2mP1z/J7qkH9xB0Ll2v1TFykcUeJzm/eE9BGu zZZPKZvVdaYGyweZRxDTe8vTeYwHLqKDG/x7hK77hu1bROtqBdtgP1XKZ5hXumHZ8AwKTqHA=</latexit><latexit sha1_base64="lNHRRGE7cywajT38jPplvgklgdk=">AAACznicn VFNSxxBEH07fm3WqKO5BPYyuBhyWmokEPEkevG4q1ldcGSZGdvdwZ4PZnoXdRHxJv4BDzklEIJ4SX5DLjnl5sGfEHJUyCUHa2cHRAUlVtPdr1/Vq66inEh6i SK6zGkDg0PDI/kXhdGXY+MT+uTUWhK2Y1fU3FCGcd2xEyG9QNSUp6SoR7GwfUeKdWdnqedf74g48cLgg9qLxKZvNwNv23NtxVRDL1pOKLd8W7WMRcNSoVFvuI YlpLSCdkMvUZlSMx4CMwMlZFYJ9V+wsIUQLtrwIRBAMZawkfDagAlCxNwmuszFjLzUL3CAAmvbHCU4wmZ2h88mvzYyNuB3L2eSql3+RfKOWWlghi7ojK7oJ5 3Tb/r3n7l2n5mtm2bpdbbHt9PXiqgxcfJ69e+TKp9vhdat6tGqFbYxl1brcfVRyvT6cPv6zv7p1er8ykz3DX2mP1z/J7qkH9xB0Ll2v1TFykcUeJzm/eE9BGu zZZPKZvVdaYGyweZRxDTe8vTeYwHLqKDG/x7hK77hu1bROtqBdtgP1XKZ5hXumHZ8AwKTqHA=</latexit><latexit sha1_base64="lNHRRGE7cywajT38jPplvgklgdk=">AAACznicn VFNSxxBEH07fm3WqKO5BPYyuBhyWmokEPEkevG4q1ldcGSZGdvdwZ4PZnoXdRHxJv4BDzklEIJ4SX5DLjnl5sGfEHJUyCUHa2cHRAUlVtPdr1/Vq66inEh6i SK6zGkDg0PDI/kXhdGXY+MT+uTUWhK2Y1fU3FCGcd2xEyG9QNSUp6SoR7GwfUeKdWdnqedf74g48cLgg9qLxKZvNwNv23NtxVRDL1pOKLd8W7WMRcNSoVFvuI YlpLSCdkMvUZlSMx4CMwMlZFYJ9V+wsIUQLtrwIRBAMZawkfDagAlCxNwmuszFjLzUL3CAAmvbHCU4wmZ2h88mvzYyNuB3L2eSql3+RfKOWWlghi7ojK7oJ5 3Tb/r3n7l2n5mtm2bpdbbHt9PXiqgxcfJ69e+TKp9vhdat6tGqFbYxl1brcfVRyvT6cPv6zv7p1er8ykz3DX2mP1z/J7qkH9xB0Ll2v1TFykcUeJzm/eE9BGu zZZPKZvVdaYGyweZRxDTe8vTeYwHLqKDG/x7hK77hu1bROtqBdtgP1XKZ5hXumHZ8AwKTqHA=</latexit>
SM
(3
/2
/1
)
<latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">AAAC1HicSyrIySwuMTC4ycjEz MLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+ kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAXAXUqMK gaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPEx GmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLedYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">AAAC1HicSyrIySwuMTC4ycjEz MLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+ kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAXAXUqMK gaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPEx GmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLedYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">AAAC1HicSyrIySwuMTC4ycjEz MLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+ kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAXAXUqMK gaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPEx GmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLedYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">AAAC1HicSyrIySwuMTC4ycjEz MLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+ kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAXAXUqMK gaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPEx GmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLedYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit>
SM
(2
/1
/0
)
<latexit sha1_base64="JQZxGzp8cXM4xT+1mr3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/Era iPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6BGKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pbWWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1 pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMxi6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCFgRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjL UljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBYbql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofRk1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhR LPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1mr3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/Era iPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6BGKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pbWWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1 pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMxi6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCFgRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjL UljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBYbql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofRk1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhR LPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1mr3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/Era iPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6BGKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pbWWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1 pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMxi6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCFgRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjL UljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBYbql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofRk1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhR LPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit><latexit sha1_base64="JQZxGzp8cXM4xT+1mr3dtac5Ktk=">AAAC1HicnVE9SytRED2u3/Era iPYRKMSmzgrgmIl2NgIakwUjITd9UYX94vdm6BGKxHBwtbiVU94xUNsfT/gNVZ2Fv4EsVSwsXCyWXg8BUXncu8998ycuTOM7llmIInu6pT6hsam5pbWWFt7R2dXvLsnF7gl3xBZw7Vcf1XXAmGZjshKU1 pi1fOFZuuWWNG3Z6v+lbLwA9N1luWuJ9ZtbdMxi6ahSaYK8YG87lobtia3EnkpdqRerGTm8wOJodT4mDpGo0MHhXiS0hRa4j1QI5BEZAtu/AZ5bMCFgRJsCDiQjC1oCHitQQXBY24dFeZ8RmboFzhAjL UljhIcoTG7zecmv9Yi1uF3NWcQqg3+xeLtszKBYbql3/RI13RB9/TyxVw738xWCbNUO9vlW69phVfoOunLPH+qsvmW2Pqn+rBqiSKmwmpNrt4LmWofRk1f3jt7zEwvDVdG6JweuP6fdEd/uQOn/GT8WhR LPxDjcapvh/ce5MbTKqXVxYnkTCoabAv6MYgUT28SM5jDArL87zEucYU/Sk7ZVw6Vo1qoUhdpevGfKaevESqpeQ==</latexit>
SM+T
(2/1/0)
<latexit sha1_base64="gLGQcmglM+R/TjnLHSrwANHV9Zo=">AAAC +XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCymp LEiNzU1Mz8tMy0xOLAEKxQu4qSnElKRWlCSlVcck5eek5CaWZCgE+6poh6jUKsTEROsa6Bml5sZyYVOmomGkb6hvoKlSyxUvoGygZwAGCpgMQyhD mQEKAvIFzjHEMKQw5DMkM5Qy5DKkMuQxlADZOQyJDMVAGM1gyGDAUAAUi2WoBooVAVmZYPlUhloGLqDeUqCqVKCKRKBoNpBMB/KioaJ5QD7IzGK w7mSgLTlAXATUqcCganDVYKXBZ4MTBqsNXhr8IdGsCjJNqwabAvJZJZBOguhNLYjn75II/k5QVy6QLmHIQOjC6+oShjQGC7BrM4GuLwCLgPyRDNF fVjX9c7BVkGq1msEig9dA9y80uGlwGOiDvLIvyUsDU4NmM4Ci0xA98jAZYUZ6hgZ6hoEmyg4a0IjlYJBmUGLQAMaeOYMDgwdDAEMo0N41DJcYbjP cYapmWsi0gmkVRCkTI1SPMAMKYNoMAKTJtnw=</latexit><latexit sha1_base64="gLGQcmglM+R/TjnLHSrwANHV9Zo=">AAAC +XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCymp LEiNzU1Mz8tMy0xOLAEKxQu4qSnElKRWlCSlVcck5eek5CaWZCgE+6poh6jUKsTEROsa6Bml5sZyYVOmomGkb6hvoKlSyxUvoGygZwAGCpgMQyhD mQEKAvIFzjHEMKQw5DMkM5Qy5DKkMuQxlADZOQyJDMVAGM1gyGDAUAAUi2WoBooVAVmZYPlUhloGLqDeUqCqVKCKRKBoNpBMB/KioaJ5QD7IzGK w7mSgLTlAXATUqcCganDVYKXBZ4MTBqsNXhr8IdGsCjJNqwabAvJZJZBOguhNLYjn75II/k5QVy6QLmHIQOjC6+oShjQGC7BrM4GuLwCLgPyRDNF fVjX9c7BVkGq1msEig9dA9y80uGlwGOiDvLIvyUsDU4NmM4Ci0xA98jAZYUZ6hgZ6hoEmyg4a0IjlYJBmUGLQAMaeOYMDgwdDAEMo0N41DJcYbjP cYapmWsi0gmkVRCkTI1SPMAMKYNoMAKTJtnw=</latexit><latexit sha1_base64="gLGQcmglM+R/TjnLHSrwANHV9Zo=">AAAC +XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCymp LEiNzU1Mz8tMy0xOLAEKxQu4qSnElKRWlCSlVcck5eek5CaWZCgE+6poh6jUKsTEROsa6Bml5sZyYVOmomGkb6hvoKlSyxUvoGygZwAGCpgMQyhD mQEKAvIFzjHEMKQw5DMkM5Qy5DKkMuQxlADZOQyJDMVAGM1gyGDAUAAUi2WoBooVAVmZYPlUhloGLqDeUqCqVKCKRKBoNpBMB/KioaJ5QD7IzGK w7mSgLTlAXATUqcCganDVYKXBZ4MTBqsNXhr8IdGsCjJNqwabAvJZJZBOguhNLYjn75II/k5QVy6QLmHIQOjC6+oShjQGC7BrM4GuLwCLgPyRDNF fVjX9c7BVkGq1msEig9dA9y80uGlwGOiDvLIvyUsDU4NmM4Ci0xA98jAZYUZ6hgZ6hoEmyg4a0IjlYJBmUGLQAMaeOYMDgwdDAEMo0N41DJcYbjP cYapmWsi0gmkVRCkTI1SPMAMKYNoMAKTJtnw=</latexit><latexit sha1_base64="gLGQcmglM+R/TjnLHSrwANHV9Zo=">AAAC +XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0qzszPCymp LEiNzU1Mz8tMy0xOLAEKxQu4qSnElKRWlCSlVcck5eek5CaWZCgE+6poh6jUKsTEROsa6Bml5sZyYVOmomGkb6hvoKlSyxUvoGygZwAGCpgMQyhD mQEKAvIFzjHEMKQw5DMkM5Qy5DKkMuQxlADZOQyJDMVAGM1gyGDAUAAUi2WoBooVAVmZYPlUhloGLqDeUqCqVKCKRKBoNpBMB/KioaJ5QD7IzGK w7mSgLTlAXATUqcCganDVYKXBZ4MTBqsNXhr8IdGsCjJNqwabAvJZJZBOguhNLYjn75II/k5QVy6QLmHIQOjC6+oShjQGC7BrM4GuLwCLgPyRDNF fVjX9c7BVkGq1msEig9dA9y80uGlwGOiDvLIvyUsDU4NmM4Ci0xA98jAZYUZ6hgZ6hoEmyg4a0IjlYJBmUGLQAMaeOYMDgwdDAEMo0N41DJcYbjP cYapmWsi0gmkVRCkTI1SPMAMKYNoMAKTJtnw=</latexit>
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SM+V2
(2/1/0)
<latexit sha1_base64="DmAXjKiSAVpt18dx2Nw6JPHThTE=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaRvqG+gqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjKiSAVpt18dx2Nw6JPHThTE=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaRvqG+gqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjKiSAVpt18dx2Nw6JPHThTE=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaRvqG+gqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAcAO3Iw==</latexit><latexit sha1_base64="DmAXjKiSAVpt18dx2Nw6JPHThTE=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaRvqG+gqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAcAO3Iw==</latexit>
SM+V2
(3/2/1)
<latexit sha1_base64="dIStfNJ6yh/OQm0h2yISDT6kW2s=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaxvpG+oqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfNJ6yh/OQm0h2yISDT6kW2s=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaxvpG+oqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfNJ6yh/OQm0h2yISDT6kW2s=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaxvpG+oqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAdv+3Jg==</latexit><latexit sha1_base64="dIStfNJ6yh/OQm0h2yISDT6kW2s=">A AAC+3icSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQt4qCnElKRWlCSlVcck5eek5CaWZCgE+6poh8UbqdQqxMRE6xroGaXmxnJhU6iiYaxvpG+oqVLLF S+gbKBnAAYKmAxDKEOZAQoC8gXOMcQwpDDkMyQzlDLkMqQy5DGUANk5DIkMxUAYzWDIYMBQABSLZagGihUBWZlg+VSGWgYuoN5SoKpUoI pEoGg2kEwH8qKhonlAPsjMYrDuZKAtOUBcBNSpwKBqcNVgpcFngxMGqw1eGvwh0awKMk2rBpsC8lklkE6C6E0tiOfvkgj+TlBXLpAuYchA 6MLr6hKGNAYLsGszga4vAIuA/JEM0V9WNf1zsFWQarWawSKD10D3LzS4aXAY6IO8si/JSwNTg2YzgKLTED3yMBlhRnqGBnqGgSbKDhrQiO VgkGZQYtAAxp45gwODB0MAQyjQ3nUMVxjuMtxjqmVazLSKaQ1EKRMjVI8wAwpg2goAdv+3Jg==</latexit>
SM(3/2/1)
<latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">A AAC1HicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzD DEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GW hLDhAXAXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD 9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtL edYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">A AAC1HicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzD DEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GW hLDhAXAXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD 9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtL edYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">A AAC1HicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzD DEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GW hLDhAXAXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD 9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtL edYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit><latexit sha1_base64="QhOqzLv7tT05WItsSby+q3M1cJs=">A AAC1HicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0 qzszPCympLEiNzU1Mz8tMy0xOLAEKxQsoxiTl56TkJpZkKMSUpFaUJKVVB/vGKCqoaBjrG+kbaqrUxgsoG+gZgIECJsMQylBmgIKAfIFzD DEMKQz5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GW hLDhAXAXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD 9JdVTf8cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMGNGI5GKQZlBg0gLFnzuDA4MEQwBAKtL edYS3DNobtTGFMNUzNTK0QpUyMUD3CDCiAqQ8AGCOpfA==</latexit>
SM(HFLAV)
<latexit sha1_base64="HMMddfyi+Vgb+I100klCGWiopHU=">A AAC0nicnVG/LyxRFP4MHpb3LBqJwrIh+5rNGZEQFZGIggRrl8TKZmbcZWJ+ZebuBhuFiEb0ChWJQrTeX/AalU7hTxAliUbh7OwkguSJd27 uvd/9zvnOPSdH9ywzkER3dUp9Q+OPpuaWWGvbz1/t8Y7OXOCWfENkDddy/WVdC4RlOiIrTWmJZc8Xmq1bYknfnKz6l8rCD0zXWZTbnli1t XXHLJqGJpkqxHvzumut2ZrcSOSl2JJ6sZKZzfclUtNTMxO537uFeJLSFFriM1AjkERkc278BnmswYWBEmwIOJCMLWgIeK1ABcFjbhUV5n xGZugX2EWMtSWOEhyhMbvJ5zq/ViLW4Xc1ZxCqDf7F4u2zMoEBuqULeqRruqR7evlmrq3/zFYJs1Q72+Zbr2mFV2g/7M48f6my+ZbYeFP9 s2qJIkbDak2u3guZah9GTV/eOX7MjC0MVAbpjB64/lO6o7/cgVN+Ms7nxcIJYjxO9ePwPoPcUFqltDo/nBxPRYNtRg/6keLpjWAc05hDlv 89wCWu8EdZVHaUPWW/FqrURZouvDPl6BU0kamd</latexit><latexit sha1_base64="HMMddfyi+Vgb+I100klCGWiopHU=">A AAC0nicnVG/LyxRFP4MHpb3LBqJwrIh+5rNGZEQFZGIggRrl8TKZmbcZWJ+ZebuBhuFiEb0ChWJQrTeX/AalU7hTxAliUbh7OwkguSJd27 uvd/9zvnOPSdH9ywzkER3dUp9Q+OPpuaWWGvbz1/t8Y7OXOCWfENkDddy/WVdC4RlOiIrTWmJZc8Xmq1bYknfnKz6l8rCD0zXWZTbnli1t XXHLJqGJpkqxHvzumut2ZrcSOSl2JJ6sZKZzfclUtNTMxO537uFeJLSFFriM1AjkERkc278BnmswYWBEmwIOJCMLWgIeK1ABcFjbhUV5n xGZugX2EWMtSWOEhyhMbvJ5zq/ViLW4Xc1ZxCqDf7F4u2zMoEBuqULeqRruqR7evlmrq3/zFYJs1Q72+Zbr2mFV2g/7M48f6my+ZbYeFP9 s2qJIkbDak2u3guZah9GTV/eOX7MjC0MVAbpjB64/lO6o7/cgVN+Ms7nxcIJYjxO9ePwPoPcUFqltDo/nBxPRYNtRg/6keLpjWAc05hDlv 89wCWu8EdZVHaUPWW/FqrURZouvDPl6BU0kamd</latexit><latexit sha1_base64="HMMddfyi+Vgb+I100klCGWiopHU=">A AAC0nicnVG/LyxRFP4MHpb3LBqJwrIh+5rNGZEQFZGIggRrl8TKZmbcZWJ+ZebuBhuFiEb0ChWJQrTeX/AalU7hTxAliUbh7OwkguSJd27 uvd/9zvnOPSdH9ywzkER3dUp9Q+OPpuaWWGvbz1/t8Y7OXOCWfENkDddy/WVdC4RlOiIrTWmJZc8Xmq1bYknfnKz6l8rCD0zXWZTbnli1t XXHLJqGJpkqxHvzumut2ZrcSOSl2JJ6sZKZzfclUtNTMxO537uFeJLSFFriM1AjkERkc278BnmswYWBEmwIOJCMLWgIeK1ABcFjbhUV5n xGZugX2EWMtSWOEhyhMbvJ5zq/ViLW4Xc1ZxCqDf7F4u2zMoEBuqULeqRruqR7evlmrq3/zFYJs1Q72+Zbr2mFV2g/7M48f6my+ZbYeFP9 s2qJIkbDak2u3guZah9GTV/eOX7MjC0MVAbpjB64/lO6o7/cgVN+Ms7nxcIJYjxO9ePwPoPcUFqltDo/nBxPRYNtRg/6keLpjWAc05hDlv 89wCWu8EdZVHaUPWW/FqrURZouvDPl6BU0kamd</latexit><latexit sha1_base64="HMMddfyi+Vgb+I100klCGWiopHU=">A AAC0nicnVG/LyxRFP4MHpb3LBqJwrIh+5rNGZEQFZGIggRrl8TKZmbcZWJ+ZebuBhuFiEb0ChWJQrTeX/AalU7hTxAliUbh7OwkguSJd27 uvd/9zvnOPSdH9ywzkER3dUp9Q+OPpuaWWGvbz1/t8Y7OXOCWfENkDddy/WVdC4RlOiIrTWmJZc8Xmq1bYknfnKz6l8rCD0zXWZTbnli1t XXHLJqGJpkqxHvzumut2ZrcSOSl2JJ6sZKZzfclUtNTMxO537uFeJLSFFriM1AjkERkc278BnmswYWBEmwIOJCMLWgIeK1ABcFjbhUV5n xGZugX2EWMtSWOEhyhMbvJ5zq/ViLW4Xc1ZxCqDf7F4u2zMoEBuqULeqRruqR7evlmrq3/zFYJs1Q72+Zbr2mFV2g/7M48f6my+ZbYeFP9 s2qJIkbDak2u3guZah9GTV/eOX7MjC0MVAbpjB64/lO6o7/cgVN+Ms7nxcIJYjxO9ePwPoPcUFqltDo/nBxPRYNtRg/6keLpjWAc05hDlv 89wCWu8EdZVHaUPWW/FqrURZouvDPl6BU0kamd</latexit>
exp. (WA)
<latexit sha1_base64="kecpZkDRhYVZftxxy2YHZZikYAQ=">AAA C0XicnVE9SytRED2u3/EraiMIEl9QYhNmRVCsFBtLNcYIRsLueqOL+8XuTUgMgoiV/gALKwUL3yv1H9i86nUW/gSxVHjNK95ksyAqKDqXe++5Z +bMnWF0zzIDSXTfpDS3tLa1d3TGurp7evvi/QNrgVvyDZE1XMv113UtEJbpiKw0pSXWPV9otm6JnL67UPfnysIPTNdZlVVPbNratmMWTUOTTBX iI3ndtbZsTe4k8lJUpF6siYqXzo8mUrn5if1CPElpCi3xHqgRSCKyJTf+B3lswYWBEmwIOJCMLWgIeG1ABcFjbhM15nxGZugX2EeMtSWOEhyhM bvL5za/NiLW4Xc9ZxCqDf7F4u2zMoExuqMreqLf9Ise6N8Xc1W+ma0WZql3VuVbb2iFV+g7Hsr8/VRl8y2x86L6sGqJImbCak2u3guZeh9GQ1/ eO33KzK6M1cbpgh65/nO6p1vuwCk/G5fLYuUMMR6n+nZ478HaZFqltLo8lZxLRYPtwDB+IMXTm8YcFrGELP97hJ+4xo2SUarKgXLYCFWaIs0gX ply8h8MuqmV</latexit><latexit sha1_base64="kecpZkDRhYVZftxxy2YHZZikYAQ=">AAA C0XicnVE9SytRED2u3/EraiMIEl9QYhNmRVCsFBtLNcYIRsLueqOL+8XuTUgMgoiV/gALKwUL3yv1H9i86nUW/gSxVHjNK95ksyAqKDqXe++5Z +bMnWF0zzIDSXTfpDS3tLa1d3TGurp7evvi/QNrgVvyDZE1XMv113UtEJbpiKw0pSXWPV9otm6JnL67UPfnysIPTNdZlVVPbNratmMWTUOTTBX iI3ndtbZsTe4k8lJUpF6siYqXzo8mUrn5if1CPElpCi3xHqgRSCKyJTf+B3lswYWBEmwIOJCMLWgIeG1ABcFjbhM15nxGZugX2EeMtSWOEhyhM bvL5za/NiLW4Xc9ZxCqDf7F4u2zMoExuqMreqLf9Ise6N8Xc1W+ma0WZql3VuVbb2iFV+g7Hsr8/VRl8y2x86L6sGqJImbCak2u3guZeh9GQ1/ eO33KzK6M1cbpgh65/nO6p1vuwCk/G5fLYuUMMR6n+nZ478HaZFqltLo8lZxLRYPtwDB+IMXTm8YcFrGELP97hJ+4xo2SUarKgXLYCFWaIs0gX ply8h8MuqmV</latexit><latexit sha1_base64="kecpZkDRhYVZftxxy2YHZZikYAQ=">AAA C0XicnVE9SytRED2u3/EraiMIEl9QYhNmRVCsFBtLNcYIRsLueqOL+8XuTUgMgoiV/gALKwUL3yv1H9i86nUW/gSxVHjNK95ksyAqKDqXe++5Z +bMnWF0zzIDSXTfpDS3tLa1d3TGurp7evvi/QNrgVvyDZE1XMv113UtEJbpiKw0pSXWPV9otm6JnL67UPfnysIPTNdZlVVPbNratmMWTUOTTBX iI3ndtbZsTe4k8lJUpF6siYqXzo8mUrn5if1CPElpCi3xHqgRSCKyJTf+B3lswYWBEmwIOJCMLWgIeG1ABcFjbhM15nxGZugX2EeMtSWOEhyhM bvL5za/NiLW4Xc9ZxCqDf7F4u2zMoExuqMreqLf9Ise6N8Xc1W+ma0WZql3VuVbb2iFV+g7Hsr8/VRl8y2x86L6sGqJImbCak2u3guZeh9GQ1/ eO33KzK6M1cbpgh65/nO6p1vuwCk/G5fLYuUMMR6n+nZ478HaZFqltLo8lZxLRYPtwDB+IMXTm8YcFrGELP97hJ+4xo2SUarKgXLYCFWaIs0gX ply8h8MuqmV</latexit><latexit sha1_base64="kecpZkDRhYVZftxxy2YHZZikYAQ=">AAA C0XicnVE9SytRED2u3/EraiMIEl9QYhNmRVCsFBtLNcYIRsLueqOL+8XuTUgMgoiV/gALKwUL3yv1H9i86nUW/gSxVHjNK95ksyAqKDqXe++5Z +bMnWF0zzIDSXTfpDS3tLa1d3TGurp7evvi/QNrgVvyDZE1XMv113UtEJbpiKw0pSXWPV9otm6JnL67UPfnysIPTNdZlVVPbNratmMWTUOTTBX iI3ndtbZsTe4k8lJUpF6siYqXzo8mUrn5if1CPElpCi3xHqgRSCKyJTf+B3lswYWBEmwIOJCMLWgIeG1ABcFjbhM15nxGZugX2EeMtSWOEhyhM bvL5za/NiLW4Xc9ZxCqDf7F4u2zMoExuqMreqLf9Ise6N8Xc1W+ma0WZql3VuVbb2iFV+g7Hsr8/VRl8y2x86L6sGqJImbCak2u3guZeh9GQ1/ eO33KzK6M1cbpgh65/nO6p1vuwCk/G5fLYuUMMR6n+nZ478HaZFqltLo8lZxLRYPtwDB+IMXTm8YcFrGELP97hJ+4xo2SUarKgXLYCFWaIs0gX ply8h8MuqmV</latexit>
 2 = 1
<latexit sha1_base64="YQuNqmn6UM5Z72GDlyo+ygF+OeA=">AA AC0XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0q zszPCympLEiNzU1Mz8tMy0xOLAEKxQvIxSTl56TkJpZkKMSUpFaUJKVVq8QkZ2TGGSnYGqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQ z5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAX AXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8 cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMKNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLeFYRXDZ oYtTMFMlUwNTE0QpUyMUD3CDCiAqRsA8SWphg==</latexit><latexit sha1_base64="YQuNqmn6UM5Z72GDlyo+ygF+OeA=">AA AC0XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0q zszPCympLEiNzU1Mz8tMy0xOLAEKxQvIxSTl56TkJpZkKMSUpFaUJKVVq8QkZ2TGGSnYGqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQ z5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAX AXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8 cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMKNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLeFYRXDZ oYtTMFMlUwNTE0QpUyMUD3CDCiAqRsA8SWphg==</latexit><latexit sha1_base64="YQuNqmn6UM5Z72GDlyo+ygF+OeA=">AA AC0XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0q zszPCympLEiNzU1Mz8tMy0xOLAEKxQvIxSTl56TkJpZkKMSUpFaUJKVVq8QkZ2TGGSnYGqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQ z5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAX AXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8 cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMKNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLeFYRXDZ oYtTMFMlUwNTE0QpUyMUD3CDCiAqRsA8SWphg==</latexit><latexit sha1_base64="YQuNqmn6UM5Z72GDlyo+ygF+OeA=">AA AC0XicSyrIySwuMTC4ycjEzMLKxs7BycXNw8vHLyAoFFacX1qUnBqanJ+TXxSRlFicmpOZlxpaklmSkxpRUJSamJuUkxqelO0Mkg8vSy0q zszPCympLEiNzU1Mz8tMy0xOLAEKxQvIxSTl56TkJpZkKMSUpFaUJKVVq8QkZ2TGGSnYGqrUxgsoG+gZgIECJsMQylBmgIKAfIFzDDEMKQ z5DMkMpQy5DKkMeQwlQHYOQyJDMRBGMxgyGDAUAMViGaqBYkVAViZYPpWhloELqLcUqCoVqCIRKJoNJNOBvGioaB6QDzKzGKw7GWhLDhAX AXUqMKgaXDVYafDZ4ITBaoOXBn9INKuCTNOqwaaAfFYJpJMgelML4vm7JIK/E9SVC6RLGDIQuvC6uoQhjcEC7NpMoOsLwCIgfyRD9JdVTf8 cbBWkWq1msMjgNdD9Cw1uGhwG+iCv7Evy0sDUoNkMXMDoNESPPExGmJGeoYGeYaCJsoMKNGI5GKQZlBg0gLFnzuDA4MEQwBAKtLeFYRXDZ oYtTMFMlUwNTE0QpUyMUD3CDCiAqRsA8SWphg==</latexit>
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Figure 1: [Top] preferred regions of CX and |Vcb| in the SM + NP scenarios. The regions in blue,
green, and gray are favored in the SM+V2(3/2/1), SM+V2(2/1/0), and SM+T (2/1/0) scenarios,
respectively. The yellow band indicates the allowed region from the inclusive mode. The contour
lines correspond to ∆χ2 = 1, 4. The red bars are the SM results for |Vcb|. [Bottom] contour plot
for predictions on RD and RD∗ in the SM(+NP) scenarios, where the regions for SM(3/2/1),
SM + V2(3/2/1), and SM + V2(2/1/0) are shown in red, blue, and green, respectively. The
combined experimental result (gray solid curves that correspond to ∆χ2 = 1, 4, 9) and the SM
prediction in the literature (red bar) are taken from Ref. [40].
The SM + V2 scenarios also have the non-zero preferred value with the large uncertainty,
CV2 = 0.05 ± 0.01 for (3/2/1) and CV2 = 0.02 ± 0.01 for (2/1/0). In addition, both cases give
larger |Vcb| than those in the SM, which would be interesting as it is different from the case for
SM + T . Indeed, these changes improve the fit to the branching ratios. We obtain
B(B¯0 → D+`−ν¯)SM+V2 =
[
(2.29± 0.06)% ; (2.33± 0.06)%
]
, (68)
B(B¯0 → D∗+`−ν¯)SM+V2 =
[
(5.05± 0.05)% ; (5.03± 0.05)%
]
, (69)
for SM + V2
[
(2/1/0); (3/2/1)
]
from the fit result. Thus we can see that the branching ratios
are in perfect agreements with the experimental measurements.
In Fig. 1 (top), we show preferred regions of |Vcb| and CX in the SM + NP scenarios, where
the regions in blue, green, and gray are favored in the SM + V2(3/2/1), SM + V2(2/1/0), and
SM + T (2/1/0) scenarios, respectively. We also include the allowed region from the inclusive
process for SM + NP as depicted in the yellow region. It can be derived with the use of
Refs. [15, 42, 43], in which discrepancy of the |Vcb| determination among the exclusive and
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RD RD∗ P
D
τ P
D∗
τ F
D∗
L
SM (2/1/0) 0.289± 0.004 0.248± 0.001 0.331± 0.004 −0.496± 0.007 0.464± 0.003
SM (3/2/1) 0.297± 0.006 0.245± 0.004 0.326± 0.003 −0.503± 0.020 0.460± 0.008
SM (HFLAV [40]) 0.299± 0.003 0.258± 0.005 - - -
SM (Ref. [16]) 0.297± 0.003 0.250± 0.003 0.321± 0.003 −0.496± 0.015 0.464± 0.010
SM + V2 (2/1/0) 0.282± 0.006 0.256± 0.005 0.332± 0.004 −0.499± 0.007 0.465± 0.003
SM + V2 (3/2/1) 0.282± 0.006 0.266± 0.007 0.329± 0.003 −0.506± 0.020 0.464± 0.008
Table 4: Predictions of the B¯ → D(∗)τ ν¯ observables.
inclusive processes has been investigated. Then, it is found that our fit result loosens the
deviation in the SM + V2 and SM + T scenarios, but it is still not in a sufficient agreement.
A corresponding LHC bound on CX is naively obtained by the following discussion. These
days LHC constraints on NP effects have been getting severer. In Ref. [44], the authors have
shown that τ searches with high pT at 36fb
−1 [45, 46] give an upper limit on the WCs for the
b→ cτν current. (See, also Refs.[47, 48, 49, 50, 51] in the context of NP interpretations of the
RD(∗) anomaly.) Similarly, e and µ searches with high pT at 139fb
−1 [52] give an upper limit
on CX defined as in Eq. (1). Comparing those experimental constraints in looking at a tail of
the mT plane (∼ 1.4TeV), we have the naive estimate of the upper bound as |CV2| . 0.1 and
|CT | . 0.05. Therefore, our fit result of CX ∼ O(0.01) is in the region of interest also for the
LHC search. A further study of the LHC bound in higher pT ranges is work in progress.
3.4.3 Observables for B¯ → D(∗)τ ν¯
With the CLN parameterization, SM predictions and/or NP investigations have been provided
with respect to B¯ → D(∗)τ ν¯ in the literature, (e.g., see Refs. [53, 54] for recent works), since
the experimental results have shown significant deviations from the SM predictions in the
measurements of the ratios: RD = 0.340 ± 0.027 ± 0.013 and RD∗ = 0.295 ± 0.011 ± 0.008
(combined average in Ref. [40]). In recent years, challenging measurements of the τ and D∗
polarizations in B¯ → D∗τ ν¯ have also been reported as PD∗τ = −0.38 ± 0.51 +0.21−0.16 [55] and
FD
∗
L = 0.60± 0.08± 0.04 [41].
Here, we also investigate these B¯ → D(∗)τ ν¯ observables with the use of our fit results in
the SM(+NP) scenarios of the HQET parameterization. Note that, in this work, we consider
NP contributions only to the (e, µ) modes. Namely, the denominators of the ratios RD(∗) are
only affected by the NP contribution. In this sense, our NP investigation has a different view
from numerous previous studies for the RD(∗) anomaly, e.g., see Refs. [56, 57, 58] for the case
of the HQET parameterization. Also note that we take the proper a,b,c expansion for these
observables.
In Table 4, we list our predictions on the B¯ → D(∗)τ ν¯ observables in the present models,
along with those from Refs. [40, 16]. Our analysis shows that the SM(2/1/0) predicts smaller
values for bothRD andRD∗ than those of the HFLAV report. On the other hand, the SM(3/2/1)
has the consistent value for RD while smaller for RD∗ . This is a similar behavior with that
obtained in Ref. [16]. Then, it is also found that the polarizations for (3/2/1) are consistent
with the reference. We obtain the same results for the cases of SM + T .
The SM + V2 models give RD(∗) different from the SM predictions, which could be NP
signals at the Belle II experiment with large statistics. To be precise, both cases point to the
RD and RD∗ values smaller and larger than the SM predictions, respectively. In particular, it is
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Figure 2: The breakdown of the χ2 deviations at our best fit results from the 184 data points.
interesting that the RD∗ deviation from the measurement becomes smaller for SM +V2(3/2/1).
This is a key feature for this model. However, we have to remark that the experimental
measurement for RD(∗) is analyzed by means of both τ and (e, µ) distributions subtracted from
background. The present measurement is then done with the assumption that the (e, µ) modes
obey the SM. Thus, in the presence of NP in the (e, µ) modes, re-analysis is needed by taking
the NP effect. Although such a NP effect of O(%) is negligible for the present analysis, it could
become significant as larger number of events are accumulated at the Belle II experiment.
Finally, we show a summary plot for the predictions on RD and RD∗ in the SM(+NP)
scenarios in Fig. 1 (bottom), where the allowed regions for SM(3/2/1), SM + V2(3/2/1), and
SM + V2(2/1/0) are shown in red, blue, and green, respectively. The combined experimental
result (gray curves) and the referred SM prediction (red bar) are taken from Ref. [40].
3.4.4 Theoretical uncertainty
For the present analyses so far, we have treated the theory constraints as being normally
distributed for simplicity and in order to obtain the applicable outputs. Thanks to it, we can
display the breakdown of the χ2 deviations for our fit results as in Fig. 2.
The UBs are taken as the Gaussian distribution assuming the central value as zero while
the standard deviation as the calculated upper limit given in Eqs. (53)–(56). We have checked
the breakdown of the χ2 deviation from the UBs for all the present models considered in our
analysis and then have confirmed that those for the UBs are all within 1σ.
As for the bounds from QCDSR, we have derived the constraints of Eqs. (50)–(52) and again
taken as normal distributions. Our fit results, however, show that some of the NLO parameters
are deviated from these constraints as seen in Table 2. In particular, our MCMC run finds
the best fit point of χˆ
(1)
3 ∼ O(−0.01) that has a large deviation from the QCDSR constraint
∼ O(+0.01). Indeed, the χ2 breakdown for the QCDSR constraints is χ2QCDSR ∼ 10(4) for the
SM (3/2/1) (SM (2/1/0)). To see its effect, we test a fit analysis where possible ranges for
the NLO parameters, χˆ
(n)
2,3 and η
(n), are restricted as in Eqs. (50)–(52). Then we find that the
outputs of |Vcb| and the LO parameters ξ(n) are not much affected while those of the NNLO
parameters ˆ`
(n)
i are shifted, compared with the results obtained in Table 4. In this case, however,
the NLO parameter fits have bad convergences and their distributions are far away from the
normal distributions. Also, we have checked that the observables such as the branching ratios
are all consistent. In this sense, we can say that our main conclusion is not affected by this
issue.
16
4 Summary
We have investigated the semi-leptonic decays of B¯ → D(∗)`ν¯ in terms of the HQET param-
eterization for the form factors, with the heavy quark expansion up to O(1/m2c), and beyond
the simple approximation considered in the original CLN parameterization. It is given with the
z = (
√
w + 1−√2)/(√w + 1 +√2) expanded form, and then the highest order for the expan-
sion is in principle arbitrary. In our work, we have followed the models from Ref. [16] denoted
as (2/1/0) and (3/2/1) for the z expansions in the (leading/sub-leading/subsub-leading) IW
functions.
The analysis with this setup was first given in Ref. [16], and then we have extended it to
the comprehensive analyses including (i) simultaneous fit of |Vcb| and the HQET parameters
to the available experimental full distribution data and the theory constraints, and (ii) NP
contributions of the V2 and T types, such as (cγ
µPRb)(`γµPLν`) and (cσ
µνPLb)(`σµνPLν`), to
the decay distributions and rates. For this purpose, we have performed the Bayesian fit analyses
by using Stan program, a state-of-the-art public platform for statistical computation, in which
MCMC runs with various algorithms are possible.
Then it has been shown that our |Vcb| fit results for the SM (2/1/0) and (3/2/1) scenar-
ios are both close to the PDG combined average from the exclusive mode [38] as summarized
in Table 3. We have also found that the fit to the w distribution data with the theory con-
straints (w+theory) reproduce the larger |Vcb| value completely consistent with that reported
in Ref. [16]. This could imply significance of the angular distribution data for B¯ → D∗`ν¯.
Besides, we have evaluated Information Criterion to see how the inclusion of the O(1/m2c)
parameters improve the fit. Then we see that the 23 HQET parameters of (3/2/1) are surplus
while 13 of (2/1/0) are sufficient for the statistical modeling to explain the present available
data points.
The SM+NP scenarios have been studied with the same manner. At first, we have confirmed
that SM + T (3/2/1) is constrained as |CT | < 0.025 at 95% confidence level and the best fit
point is zero-consistent. On the other hand, it has turned out that SM+T (2/1/0) is allowed to
have non-zero contribution, |CT | = 0.02± 0.01, to the processes. This could be very interesting
since the HQET parameterization model affects the fit result of the NP effect. Furthermore, a
significant point is that the fit analysis has the NP sensitivity at the level of O(%).
Then, we have also obtained non-zero preferred values in the SM + V2 scenarios as CV2 =
0.05± 0.01 for (3/2/1) and CV2 = 0.02± 0.01 for (2/1/0). Information Criterion also suggests
that SM + V2 is favored at the same level with the SM scenarios. In addition, both cases give
larger |Vcb| than those in the SM, but they are still not in a sufficient agreement with the |Vcb|
determination from the inclusive process. This is summarized in Fig. 1 (top). The applicable
LHC bound is naively given as |CV2| . 0.1 and |CT | . 0.05 estimated from the mT plane at
∼ 1.4TeV and thus a further LHC search would be interesting.
Finally, we have produced our predictions on the B¯ → D(∗)τ ν¯ observables in the present
models. It is summarized in Table 4 and Fig. 1 (bottom). Our prediction in SM(2/1/0) has
smaller values for both RD and RD∗ comapred with those in the HFLAV report. On the other
hand, SM(3/2/1) predicts the consistent value for RD while smaller for RD∗ . In the SM + V2
scenarios, NP only contributes to the light-lepton modes and then it results in the RD and RD∗
values smaller and larger than the SM predictions, respectively. It is also seen that the RD∗
deviation from the experimental measurement becomes milder (∼ 1.9σ) than the one in the
SM. This is a key feature for this model derived from our fit analysis. Quantitatively, we have
4.24σ and 3.66σ significances for the RD(∗) deviation in SM (2/1/0) and (3/2/1), respectively.
This is compared with 3.03σ in SM (HFLAV) assuming no correlation. As for SM + V2, we see
3.76σ (2/1/0) and 2.96σ (3/2/1).
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For the present analyses, we have treated the theory constraints as being normally dis-
tributed for simplicity and in order to obtain the applicable outputs. A further practical
treatment on the theoretical uncertainties could be possible, for instance, when we implement
this work in the public HEPfit package [59]. We leave it for our future work.
We conclude from this work that the available full distribution data of B¯ → D(∗)`ν¯ has
potential to fit a large number of the parameters in the HQET parameterization together with
|Vcb|, and a further improvement is expected at the Belle II experiment. The fit analysis also has
the NP sensitivity with the O(%) level of the SM contribution, and then it could be examined
with the B¯ → D(∗)τ ν¯ observables in future. Interesting directions of future work are, for
example, CP violation [60] and QED corrections [61] in the B¯ → D(∗)`ν¯ distributions with
respect to the HQET parameterization.
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Appendix
A αs and 1/mQ Corrections
Here we list functions for the αs and 1/mb,c corrections. We have followed the analytic result
from Ref. [7]. The αs corrections, δhˆX,αs , are given as
δhˆ+,αs =
1
6z2cb(w − wcb)2
[
4z2cb(w − wcb)2Ωw(w) + (w + 1)
(− 1 + (w + w2 + 2wcb)(z2cb + 1)zcb
+ 2(w2 − w(2 + 3wcb) + wcb)z2cb − z4cb
)
rw(w)
+ (wcb − w)
(
1 + w + w(10 + zcb)zcb + (−2− 12wcb + zcb)zcb
)
zcb
−(1 + wcb − w − w2)(1− z2cb)zcb log zcb
]
+ V (µ) , (70)
δhˆ−,αs =
1 + w
6z2cb(w − wcb)2
[−(1 + (1− 2w − w2)zcb + z2cb)(1− z2cb)rw(w)− (w − wcb)(1− z2cb)zcb
−(2(1 + zcb + z2cb)− w(1 + 4zcb + z2cb))zcb log zcb] , (71)
δhˆV,αs =
1
6zcb(w − wcb)
[
4zcb(w − wcb)Ωw(w) + 2(w + 1)((3w − 1)zcb − z2cb − 1)rw(w)
−12zcb(w − wcb)− (z2cb − 1) log zcb
]
+ V (µ) , (72)
δhˆA1,αs =
1
6zcb(w − wcb)
[
4zcb(w − wcb)Ωw(w) + 2(w − 1)((3w + 1)zcb − z2cb − 1)rw(w)
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−12zcb(w − wcb)− (z2cb − 1) log zcb
]
+ V (µ) , (73)
δhˆA2,αs =
1
6z2cb(w − wcb)2
[(
2 + (2w2 − 5w − 1)zcb + 2w(2w − 1)z2cb + (1− w)z3cb
)
rw(w)
−2zcb(zcb + 1)(w − wcb) + (z2cb − (4w + 2)zcb + 3 + 2w)zcb log zcb
]
,
(74)
δhˆA3,αs =
1
6zcb(w − wcb)2
[
4(w − wcb)2zcbΩw(w) +
(
1 + w − 2w2 + 6w3zcb + z2cb(−1 + 2zcb)
− wzcb(4 + 3zcb)− 2(−1 + w)(−1 + zcb + 3wzcb − z2cb)wcb
)
rw(w)
− 2wzcb(1 + 6w + zcb) + (−10 + 24w + 2zcb)zcbwcb
+ (−2 + w + (2 + 4w)zcb − (2 + 3w)z2cb) log zcb
]
+V (µ) , (75)
δhˆS,αs =
1
3zcb(w − wcb)
[
2zcb(w − wcb)Ωw(w)− (w − 1)(zcb + 1)2rw(w)
+(z2cb − 1) log zcb
]
+ S(µ) , (76)
δhˆP,αs =
1
3zcb(w − wcb)
[
2zcb(w − wcb)Ωw(w)− (w + 1)(zcb − 1)2rw(w)
+(z2cb − 1) log zcb
]
+ S(µ) , (77)
δhˆT,αs =
1
3zcb(w − wcb)
[
2zcb(w − wcb)Ωw(w) +
(
4zcbw
2 − (1− zcb)2w − (1 + zcb)2
)
rw(w)
−6zcb(w − wcb) + (1− z2cb) log zcb
]
+ T (µ) , (78)
δhˆT1,αs =
1
3zcb(w − wcb)
[
2zcb(w − wcb)Ωw(w) + 2zcb(w2 − 1)rw(w)
−6zcb(w − wcb) + (1− z2cb) log zcb
]
+ T (µ) , (79)
δhˆT2,αs =
w + 1
3zcb(w − wcb)
[
(1− z2cb)rw(w) + 2zcb log zcb
]
, (80)
δhˆT3,αs =
1
3zcb(w − wcb) [(zcbw − 1)rw(w)− zcb log zcb] , (81)
with
zcb =
mc
mb
, wcb =
1
2
(
zcb + z
−1
cb
)
, w±(w) = w ±
√
w2 − 1 , (82)
rw(w) =
logw+(w)√
w2 − 1 , (83)
Ωw(w) =
w
2
√
w2 − 1
[
2Li2(1− w−(w)zcb)− 2Li2(1− w+(w)zcb)
+ Li2(1− w2+(w))− Li2(1− w2−(w))
]
− wrw(w) log zcb + 1 , (84)
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where Li2(x) =
∫ 0
x
dt log(1 − t)/t is dilogarithmical function. The above results are obtained
at the scale µ√bc =
√
mbmc, namely V (µ√bc) = S(µ√bc) = T (µ√bc) = 0. Otherwise, the scale
factors are given as
V (µ) = −2
3
(
wrw(w)− 1
)
log
mbmc
µ2
, (85)
S(µ) = −1
3
(
2wrw(w) + 1
)
log
mbmc
µ2
, (86)
T (µ) = −1
3
(
2wrw(w)− 3
)
log
mbmc
µ2
. (87)
Note that we set the scale as µb = 4.2GeV in our analysis.
The 1/mb,c corrections involve four sub-leading IW functions, χ1-3(w) and ξ3(w), one of
which (usually χ1) can be absorbed into the definition of ξ(w). For the form of δhˆX,mb,c , the
sub-leading IW functions divided by ξ(w) are defined as in Eq. (11). Following Ref. [7], we can
write δhˆX,mb,c as
δhˆ+,mb = δhˆ+,mc = δhˆT1,mb = −4(w − 1)χˆ2(w) + 12χˆ3(w) , (88)
δhˆ−,mb = −δhˆ−,mc = δhˆT2,mb = 1− 2η(w) , (89)
δhˆV,mb = δhˆA3,mb = δhˆP,mb = δhˆT,mb = δhˆT,mc
= 1− 2η(w)− 4(w − 1)χˆ2(w) + 12χˆ3(w) , (90)
δhˆV,mc =1− 4χˆ3(w) , (91)
δhˆA1,mb = δhˆS,mb = δhˆS,mc
= (w − 1)
[
(w + 1)−1
(
1− 2η(w))− 4χˆ2(w)]+ 12χˆ3(w) , (92)
δhˆA1,mc = (w − 1)(w + 1)−1 − 4χˆ3(w) , (93)
δhˆA2,mb = δhˆT3,mb = 0 , (94)
δhˆA2,mc =− 2(w + 1)−1
(
1 + η(w)
)
+ 4χˆ2(w) , (95)
δhˆA3,mc = 1− 2(w + 1)−1
(
1 + η(w)
)− 4χˆ2(w)− 4χˆ3(w) , (96)
δhˆP,mc = − 1 + 2
(
1 + η(w)
)
+ 4(w − 1)χˆ2(w)− 4χˆ3(w) , (97)
δhˆT1,mc = −4χˆ3(w) , (98)
δhˆT2,mc = −1 , (99)
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δhˆT3,mc = (w + 1)
−1(1 + η(w))+ 2χˆ2(w) , (100)
where χ1(w) is absorbed.
The 1/m2c corrections consist of six subsub-leading IW functions `1-6(w) in the absence of
the 1/m2b and 1/(mbmc) corrections [23]. The expressions for δhˆX,m2c can be obtained from
Ref. [23] as
δhˆ+,m2c =
ˆ`
1(w) , (101)
δhˆ−,m2c =
ˆ`
4(w) , (102)
δhˆV,m2c =
ˆ`
2(w)− ˆ`5(w) , (103)
δhˆA1,m2c =
ˆ`
2(w)− w − 1
w + 1
ˆ`
5(w) , (104)
δhˆA2,m2c =
ˆ`
3(w) + ˆ`6(w) , (105)
δhˆA3,m2c =
ˆ`
2(w)− ˆ`3(w)− ˆ`5(w) + ˆ`6(w) , (106)
δhˆS,m2c =
ˆ`
1(w)− w − 1
w + 1
ˆ`
4(w) , (107)
δhˆP,m2c =
ˆ`
2(w) + (w − 1)ˆ`3(w) + ˆ`5(w)− ˆ`6(w) , (108)
δhˆT,m2c =
ˆ`
1(w)− ˆ`4(w) , (109)
δhˆT1,m2c =
ˆ`
2(w) , (110)
δhˆT2,m2c =
ˆ`
5(w) , (111)
δhˆT3,m2c =
1
2
(
ˆ`
3(w)− ˆ`6(w)
)
, (112)
for ˆ`(w) = `(w)/ξ(w).
B Angular dependence
Here we derive the full angular distribution of Eqs. (24) and (25). In the SM, the squared decay
amplitude of M for B0 → D∗−`ν¯, followed by D∗− → D¯0pi−, can be represented as
|M(q2, θ`, θV , χ)|2 =
∣∣∣∣∣∣
∑
λD∗ ,λ′D∗
SλD∗ (θ`)D1λD∗ , λ′D∗ (χ) T
λ′
D∗ (θV )
∣∣∣∣∣∣
2
, (113)
where
SλD∗ (q2, θ`) = GF√
2
Vcb
∑
λW
HλD∗λW L
λ`=−1/2
λW
, (114)
shows the usual helicity amplitude for B0 → D∗−`ν¯, which has been described in Ref. [26],
whereas T λ′D∗ (θV ) indicates the amplitude for D∗− → D¯0pi− and D1λD∗ λ′D∗ (χ) is the Wigner
rotation that connects two decay planes defined for θ` (`-ν plane at W rest frame) and θV (D-pi
plane at D∗ rest frame). Then the latter two can be obtained as
T 0 = N
2
3
pi
cos θV , T ±1 = ∓N
2
3
2pi
sin θV , (115)
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and
D10,0 = 1 , D1±1,±1 = e±iχ , others = 0 , (116)
where the normalization factor N is determined so that∫ 1
−1
d cos θV
∫ pi
−pi
dχ
dΓfull
dw d cos θ` d cos θV dχ
=
dΓ(B0 → D∗−`ν¯)
dw d cos θ`
B(D∗− → D¯0pi−) , (117)
is satisfied. Following L
λ`=−1/2
λW
by substituting θτ = pi − θ` (due to difference in definition)
given in Ref. [26] along with the above description, we can derive the SM contribution in
Eqs. (24) and (25). Note that we have defined H±± ≡ H±(w) and H00 ≡ H0(w) in the main
text. The angular dependence for the case of the V2 type operator is given simply by replacing
H±(w)→ −CV2H∓(w) and H0(w)→ −CV2H0(w).
As for the tensor NP operator, a similar procedure is applicable to obtain the angular
distribution by taking
SλD∗ (q2, θ`) = 2GF√
2
VcbCT
∑
λ,λ′
HλD∗λ,λ′ L
λ`=+1/2
λ,λ′ , (118)
where L is again described in Ref. [26], H±±,0 = ±H±±,s ≡ HT±(w), and H0+,− = H00,s ≡ HT0 (w).
Since the lepton helicity of the tensor current is flipped compared with the SM current, one
finds that the SM and tensor operators have no interference.
C Constraints from QCDSR
The sub-leading IW functions, χ2,3(w), η(w), have been investigated by introducing QCDSR
analysis up to two-loop perturbative corrections in the literature [33, 34, 35]. In this approach,
they are described as
χi(w) = [αs(1GeV)]
1/3 χ¯i(w) , η(w) =
1
3
+ ∆(w) , (119)
with
χ¯2(w)
[
F 2Λ¯e−2Λ¯/T
]
= −αsT
4
8pi3
(
2
w + 1
)2(
1− r(w)
w − 1 + 2
)
δ3(
ω0
T
) (120)
+
αsT 〈q¯q〉
6pi
(
1− r(w)
w − 1 +
1
w + 1
)
δ0(
ω0
T
)− 〈αsGG〉
96pi
2
w + 1
,
χ¯3(w)
[
F 2Λ¯e−2Λ¯/T
]
=
αsT
4
8pi3
(
2
w + 1
)2(
wr(w)− 1 + ln w + 1
2
)
δ3(
ω0
T
) (121)
+
3δω2
32pi2
ω30e
−ω0/T
[(
2
w + 1
)2
− ξ(w)
]
+
αsT 〈q¯q〉
6pi
[
2− r(w)− ξ(w)]δ0(ω0
T
)
+
〈αsGG〉
96pi
[
2
w + 1
− ξ(w)
]
− 〈q¯gsσµνG
µνq〉
48T
[
1− ξ(w)] ,
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∆(w)
[
ξ(w)F 2Λ¯e−2Λ¯/T
]
=
αsT
4
12pi3
(
2
w + 1
)2
(11 + 6w + (3 + w)r(w)) δ3(
ω0
T
) (122)
− 2αsT 〈q¯q〉
9pi
(7 + (3− w)r(w)) δ0(ω0
T
)
+
〈αsGG〉
72pi
w − 1
w + 1
+
〈q¯gsσµνGµνq〉
18T
(w − 1) ,
where
r(w) =
1√
w2 − 1 ln(w +
√
w2 − 1) , δn(x) = 1
Γ(n+ 1)
∫ x
0
dzzne−z . (123)
The continuum threshold ω0 and Borel parameter T control stability of the sum rule, as will be
explained below. The renormalized factor [αs(1GeV)]
1/3 connects the sub-leading IW functions
in QCD χ¯i(w) to our basis χi(w).
The prefactors, presented with
[ · · · ] in Eqs. (121)–(123), contain the leading IW function
ξ(w), heavy meson decay constant F (HQET basis), and heavy quark-meson mass difference
Λ¯. From two-current correlator, one finds
F 2Λ¯e−2Λ¯/T =
9T 4
8pi2
δ3
(ω0
T
)
− 〈q¯gsσµνG
µνq〉
4T
, (see Ref. [33]) (124)
ξ(w)F 2Λ¯e−2Λ¯/T =
9T 4
8pi2
(
2
1 + w
)2
δ3
(ω0
T
)
− 2w + 1
3
〈q¯gsσµνGµνq〉
4T
, (see Ref. [35]) (125)
while ξ(w) can be independently obtained as [34]
ξ(w) =
K(T, ω0, w)
K(T, ω0, 1)
,
(
equivalently ξ(w)F 2e−2Λ¯/T = K(T, ω0, w) ,
)
K(T, ω0, w) =
3T 3
4pi2
(
2
1 + w
)2
δ2
(ω0
T
)
− 〈q¯q〉+ 2w + 1
3
〈q¯gsσµνGµνq〉
4T 2
. (126)
Note that −1
2
∂
∂T−1K(T, ω0, w) equals to r.h.s. of Eq. (125) and hence these expressions are
consistent with each other.
Input parameters for the QCDSR predictions consist of the decay constant F = (0.3 ±
0.05)GeV3/2 [33], the mass difference Λ¯ = (0.5 ± 0.07)GeV [33], the spin-symmetry-violating
correction δω2 = (−0.1± 0.02)GeV only for χ3(w) [34], and the following vacuum condensates:
〈q¯q〉 = −(0.25± 0.01 GeV)3 , (from Refs. [62, 63, 64]) (127)
〈αsGG〉 = (6.35± 0.35)× 10−2 GeV4 , (from Ref. [65]) (128)
〈q¯gsσµνGµνq〉 = m20〈q¯q〉 with m20 = (0.8± 0.2)GeV2 . (from Refs. [66, 67, 68]) (129)
The continuum threshold ω0 and the Borel parameter T have been determined in the literature
so that χ¯2,3(1) and ∆(1) are stabilized. In our case, concerning higher derivatives such as χˆ
(2)
2,3
and η(2), we take
0.7 GeV < T < 1 GeV , 1.7 GeV < ω0 < 2.3 GeV . (130)
Substituting QCDSR for F and Λ¯ as in Eqs. (124) and (126), and then taking numerical input
within 1σ uncertainties, we obtain the constraints as in Eqs. (50)–(52) of the main text. Note
that χˆi(w) = χ(w)/ξ(w) and we take the conservative ranges for the uncertainties, which is in
agreement with Ref. [7].
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D Fit results with some details
Here we write down useful output data obtained by our fit analyses. First, we show correlation
among our fit results of the HQET parameters, for SM (3/2/1) in Tables 5–8, and for SM
(2/1/0) in Tables 9–12. Note that the distributions for Belle17 (Belle18) are those of the decay
rates (folded signal events) as explained in the main text.
We then provide our fit results of G(w) and F(w) for SM (3/2/1) with the z expansion
forms as defined in Eqs. (63) and (66):
corr.(G) =

1.0000 −0.4626 0.2962 −0.1886
−0.4626 1.0000 −0.7231 0.4812
0.2962 −0.7231 1.0000 −0.9278
−0.1886 0.4812 −0.9278 1.0000
 , (131)
for (G(1), g1, g2, g3) and
corr.(F2) =

1.0000 −0.2661 0.1328 −0.2465
−0.2661 1.0000 −0.8456 0.8270
0.1328 −0.8456 1.0000 −0.8367
−0.2465 0.8270 −0.8367 1.0000
 , (132)
for (F(1), f 21 , f 22 , f 23 ). In turn, RD – RD∗ correlations are obtained as −0.15, −0.03, −0.81, and
−0.57 for SM (2/1/0), SM (3/2/1), SM + V2 (2/1/0), and SM + V2 (3/2/1), respectively.
In Figs. 3–6, we also show the binned decay distributions with respect to (w, cos θ`, cos θV , χ)
with the comparisons between data and the fit results in the SM (2/1/0) [red] and SM (3/2/-)
[gray] scenarios, in order to visualize the improvement on the fits.
corr. |Vcb| ξ(1) ξ(2) ξ(3) χˆ(0)2 χˆ(1)2 χˆ(2)2 χˆ(1)3 χˆ(2)3 η(0) η(1) η(2)
|Vcb| 1.0000 0.2807 −0.2096 0.1785 0.0058 −0.0621 −0.0691 0.0005 0.3333 0.0014 −0.0078 −0.0188
ξ(1) 0.2807 1.0000 −0.9295 0.8577 0.1694 −0.0862 0.0192 −0.0947 0.3637 0.2613 0.0261 0.0178
ξ(2) −0.2096 −0.9295 1.0000 −0.9851 −0.1760 0.0975 −0.0187 0.0263 −0.3641 −0.2324 −0.0129 −0.0160
ξ(3) 0.1785 0.8577 −0.9851 1.0000 0.1718 −0.0964 0.0223 0.0055 0.3351 0.2088 0.0062 0.0149
χˆ
(0)
2 0.0058 0.1694 −0.1760 0.1718 1.0000 −0.0185 −0.0183 0.0484 0.0573 0.0518 0.0123 −0.0248
χˆ
(1)
2 −0.0621 −0.0862 0.0975 −0.0964 −0.0185 1.0000 −0.0089 0.0772 0.1369 −0.0068 −0.0258 −0.0069
χˆ
(2)
2 −0.0691 0.0192 −0.0187 0.0223 −0.0183 −0.0089 1.0000 −0.0124 0.3396 0.0213 −0.0065 −0.0676
χˆ
(1)
3 0.0005 −0.0947 0.0263 0.0055 0.0484 0.0772 −0.0124 1.0000 0.0404 −0.0400 0.0234 0.0454
χˆ
(2)
3 0.3333 0.3637 −0.3641 0.3351 0.0573 0.1369 0.3396 0.0404 1.0000 0.1322 0.0241 0.1332
η(0) 0.0014 0.2613 −0.2324 0.2088 0.0518 −0.0068 0.0213 −0.0400 0.1322 1.0000 −0.0141 −0.0440
η(1) −0.0078 0.0261 −0.0129 0.0062 0.0123 −0.0258 −0.0065 0.0234 0.0241 −0.0141 1.0000 −0.0284
η(2) −0.0188 0.0178 −0.0160 0.0149 −0.0248 −0.0069 −0.0676 0.0454 0.1332 −0.0440 −0.0284 1.0000
Table 5: Correlation among
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
–
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
in SM (3/2/1).
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corr. ˆ`
(0)
1
ˆ`(1)
1
ˆ`(0)
2
ˆ`(1)
2
ˆ`(0)
3
ˆ`(1)
3
ˆ`(0)
4
ˆ`(1)
4
ˆ`(0)
5
ˆ`(1)
5
ˆ`(0)
6
ˆ`(1)
6
|Vcb| 0.0143 −0.4568 −0.7995 −0.3826 −0.0109 −0.0820 0.0246 0.0660 0.3028 −0.1854 0.0598 −0.1803
ξ(1) −0.3296 −0.8549 −0.3734 −0.9066 −0.0298 −0.2690 −0.2662 0.0900 0.0388 −0.1974 0.0921 −0.5075
ξ(2) 0.3352 0.7655 0.3288 0.7709 0.0303 0.2386 0.2505 −0.1322 −0.0630 0.2526 −0.0827 0.4896
ξ(3) −0.3226 −0.6930 −0.3006 −0.6834 −0.0304 −0.2152 −0.2314 0.1472 0.0664 −0.2617 0.0729 −0.4596
χˆ
(0)
2 −0.0134 0.0542 −0.0332 −0.0655 −0.0019 −0.0449 −0.0507 0.0232 0.0009 −0.0194 0.0496 −0.0113
χˆ
(1)
2 0.0032 0.0622 0.0642 0.0880 −0.0176 −0.0209 −0.0041 −0.0177 −0.0041 0.0030 −0.0217 0.0338
χˆ
(2)
2 0.0102 −0.0512 0.0418 0.0106 0.0334 −0.0758 −0.0243 −0.0036 −0.0041 0.0018 0.0340 −0.0372
χˆ
(1)
3 −0.3001 −0.1324 0.0115 0.1256 −0.0060 0.0255 0.0343 0.0233 0.0174 −0.0224 −0.0167 0.0381
χˆ
(2)
3 0.0308 −0.6003 −0.3223 −0.3126 0.0186 −0.1419 −0.1426 0.0792 0.1145 −0.1497 0.0824 −0.2139
η(0) −0.0999 −0.1983 −0.0952 −0.1839 0.0083 0.0928 −0.8842 −0.5828 −0.3765 0.0521 0.1033 0.1541
η(1) 0.0029 −0.0396 0.0008 −0.0338 −0.0111 −0.0108 0.0046 −0.1132 −0.0309 0.0033 −0.0085 −0.0061
η(2) 0.0418 −0.1045 0.0136 −0.0221 −0.0069 −0.0516 0.0687 −0.2907 0.0036 −0.0178 −0.0135 −0.0342
Table 6: Correlation among
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
–
{
ˆ`(n)
1-6
}
in SM (3/2/1).
corr. |Vcb| ξ(1) ξ(2) ξ(3) χˆ(0)2 χˆ(1)2 χˆ(2)2 χˆ(1)3 χˆ(2)3 η(0) η(1) η(2)
ˆ`(0)
1 0.0143 −0.3296 0.3352 −0.3226 −0.0134 0.0032 0.0102 −0.3001 0.0308 −0.0999 0.0029 0.0418
ˆ`(1)
1 −0.4568 −0.8549 0.7655 −0.6930 0.0542 0.0622 −0.0512 −0.1324 −0.6003 −0.1983 −0.0396 −0.1045
ˆ`(0)
2 −0.7995 −0.3734 0.3288 −0.3006 −0.0332 0.0642 0.0418 0.0115 −0.3223 −0.0952 0.0008 0.0136
ˆ`(1)
2 −0.3826 −0.9066 0.7709 −0.6834 −0.0655 0.0880 0.0106 0.1256 −0.3126 −0.1839 −0.0338 −0.0221
ˆ`(0)
3 −0.0109 −0.0298 0.0303 −0.0304 −0.0019 −0.0176 0.0334 −0.0060 0.0186 0.0083 −0.0111 −0.0069
ˆ`(1)
3 −0.0820 −0.2690 0.2386 −0.2152 −0.0449 −0.0209 −0.0758 0.0255 −0.1419 0.0928 −0.0108 −0.0516
ˆ`(0)
4 0.0246 −0.2662 0.2505 −0.2314 −0.0507 −0.0041 −0.0243 0.0343 −0.1426 −0.8842 0.0046 0.0687
ˆ`(1)
4 0.0660 0.0900 −0.1322 0.1472 0.0232 −0.0177 −0.0036 0.0233 0.0792 −0.5828 −0.1132 −0.2907
ˆ`(0)
5 0.3028 0.0388 −0.0630 0.0664 0.0009 −0.0041 −0.0041 0.0174 0.1145 −0.3765 −0.0309 0.0036
ˆ`(1)
5 −0.1854 −0.1974 0.2526 −0.2617 −0.0194 0.0030 0.0018 −0.0224 −0.1497 0.0521 0.0033 −0.0178
ˆ`(0)
6 0.0598 0.0921 −0.0827 0.0729 0.0496 −0.0217 0.0340 −0.0167 0.0824 0.1033 −0.0085 −0.0135
ˆ`(1)
6 −0.1803 −0.5075 0.4896 −0.4596 −0.0113 0.0338 −0.0372 0.0381 −0.2139 0.1541 −0.0061 −0.0342
Table 7: Correlation among
{
ˆ`(n)
1-6
}
–
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
in SM (3/2/1).
corr. ˆ`
(0)
1
ˆ`(1)
1
ˆ`(0)
2
ˆ`(1)
2
ˆ`(0)
3
ˆ`(1)
3
ˆ`(0)
4
ˆ`(1)
4
ˆ`(0)
5
ˆ`(1)
5
ˆ`(0)
6
ˆ`(1)
6
ˆ`(0)
1 1.0000 0.2371 0.0446 0.2740 0.0343 0.0668 0.3403 −0.1619 0.0205 0.0542 −0.0009 0.1550
ˆ`(1)
1 0.2371 1.0000 0.4762 0.8234 0.0194 0.2486 0.1900 0.0097 −0.1005 0.1966 −0.0863 0.4662
ˆ`(0)
2 0.0446 0.4762 1.0000 0.3309 0.0141 −0.0389 0.0715 −0.0389 −0.0603 0.0155 −0.0258 0.0183
ˆ`(1)
2 0.2740 0.8234 0.3309 1.0000 0.0690 0.3588 0.1839 −0.0939 −0.0263 0.3067 −0.0342 0.6221
ˆ`(0)
3 0.0343 0.0194 0.0141 0.0690 1.0000 −0.5168 −0.0007 −0.0067 0.0591 0.0560 0.9787 −0.2958
ˆ`(1)
3 0.0668 0.2486 −0.0389 0.3588 −0.5168 1.0000 −0.0759 −0.1192 −0.1505 0.3221 −0.5437 0.8919
ˆ`(0)
4 0.3403 0.1900 0.0715 0.1839 −0.0007 −0.0759 1.0000 0.4221 0.3323 −0.0423 −0.0880 −0.1174
ˆ`(1)
4 −0.1619 0.0097 −0.0389 −0.0939 −0.0067 −0.1192 0.4221 1.0000 0.2675 −0.1021 −0.0360 −0.2420
ˆ`(0)
5 0.0205 −0.1005 −0.0603 −0.0263 0.0591 −0.1505 0.3323 0.2675 1.0000 −0.5833 0.1354 −0.2695
ˆ`(1)
5 0.0542 0.1966 0.0155 0.3067 0.0560 0.3221 −0.0423 −0.1021 −0.5833 1.0000 −0.0022 0.5301
ˆ`(0)
6 −0.0009 −0.0863 −0.0258 −0.0342 0.9787 −0.5437 −0.0880 −0.0360 0.1354 −0.0022 1.0000 −0.3591
ˆ`(1)
6 0.1550 0.4662 0.0183 0.6221 −0.2958 0.8919 −0.1174 −0.2420 −0.2695 0.5301 −0.3591 1.0000
Table 8: Correlation among
{
ˆ`(n)
1-6
}
–
{
ˆ`(n)
1-6
}
in SM (3/2/1).
25
corr. |Vcb| ξ(1) ξ(2) χˆ(0)2 χˆ(1)2 χˆ(1)3 η(0) η(1)
|Vcb| 1.0000 0.1002 0.1283 −0.0494 −0.0594 −0.4822 −0.2104 −0.0876
ξ(1) 0.1002 1.0000 −0.9012 0.3099 0.0193 −0.1968 −0.0321 0.0926
ξ(2) 0.1283 −0.9012 1.0000 −0.3127 0.1381 −0.0625 0.0350 −0.0639
χˆ
(0)
2 −0.0494 0.3099 −0.3127 1.0000 0.0962 0.0604 −0.2061 0.0025
χˆ
(1)
2 −0.0594 0.0193 0.1381 0.0962 1.0000 0.3050 0.0147 −0.1087
χˆ
(1)
3 −0.4822 −0.1968 −0.0625 0.0604 0.3050 1.0000 −0.2991 −0.0072
η(0) −0.2104 −0.0321 0.0350 −0.2061 0.0147 −0.2991 1.0000 0.2309
η(1) −0.0876 0.0926 −0.0639 0.0025 −0.1087 −0.0072 0.2309 1.0000
Table 9: Correlation among
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
–
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
in SM (2/1/0).
corr. ˆ`
(0)
1
ˆ`(0)
2
ˆ`(0)
3
ˆ`(0)
4
ˆ`(0)
5
ˆ`(0)
6
|Vcb| −0.0096 −0.8276 0.0225 0.2246 0.1837 0.0306
ξ(1) −0.3082 −0.4799 0.0183 0.0420 0.3977 0.1684
ξ(2) 0.3377 0.2386 −0.0229 −0.0162 −0.2336 −0.1027
χˆ
(0)
2 0.0696 −0.0604 −0.0291 0.1489 0.0896 0.0323
χˆ
(1)
2 −0.0916 0.0459 −0.1991 0.0255 0.1137 −0.0848
χˆ
(1)
3 −0.3307 0.5291 −0.1191 0.2770 −0.1426 −0.1737
η(0) 0.2129 0.0913 −0.0119 −0.6829 −0.3207 0.0029
η(1) −0.1483 0.0151 −0.0307 −0.3803 −0.0484 0.0398
Table 10: Correlation among
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
–
{
ˆ`(n)
1-6
}
in SM (2/1/0).
corr. |Vcb| ξ(1) ξ(2) χˆ(0)2 χˆ(1)2 χˆ(1)3 η(0) η(1)
ˆ`(0)
1 −0.0096 −0.3082 0.3377 0.0696 −0.0916 −0.3307 0.2129 −0.1483
ˆ`(0)
2 −0.8276 −0.4799 0.2386 −0.0604 0.0459 0.5291 0.0913 0.0151
ˆ`(0)
3 0.0225 0.0183 −0.0229 −0.0291 −0.1991 −0.1191 −0.0119 −0.0307
ˆ`(0)
4 0.2246 0.0420 −0.0162 0.1489 0.0255 0.2770 −0.6829 −0.3803
ˆ`(0)
5 0.1837 0.3977 −0.2336 0.0896 0.1137 −0.1426 −0.3207 −0.0484
ˆ`(0)
6 0.0306 0.1684 −0.1027 0.0323 −0.0848 −0.1737 0.0029 0.0398
Table 11: Correlation among
{
ξ(n), χˆ
(n)
2,3 , η
(n)
}
–
{
ˆ`(n)
1-6
}
in SM (2/1/0).
corr. ˆ`
(0)
1
ˆ`(0)
2
ˆ`(0)
3
ˆ`(0)
4
ˆ`(0)
5
ˆ`(0)
6
ˆ`(0)
1 1.0000 0.0968 0.0519 0.1446 −0.1482 0.0144
ˆ`(0)
2 0.0968 1.0000 0.0288 −0.1439 −0.0969 0.0141
ˆ`(0)
3 0.0519 0.0288 1.0000 0.0166 0.1686 0.9515
ˆ`(0)
4 0.1446 −0.1439 0.0166 1.0000 0.2297 −0.0025
ˆ`(0)
5 −0.1482 −0.0969 0.1686 0.2297 1.0000 0.4106
ˆ`(0)
6 0.0144 0.0141 0.9515 −0.0025 0.4106 1.0000
Table 12: Correlation among
{
ˆ`(n)
1-6
}
–
{
ˆ`(n)
1-6
}
in SM (2/1/0).
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Figure 3: Binned decay distributions with respect to w with the comparisons between data
and the fit results from the SM (2/1/0) [red] and SM (3/2/-) [gray] scenarios.
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Figure 4: Binned decay distributions of cos θ`. Conventions are the same as in Fig. 3.
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Figure 5: Binned decay distributions of cos θV . Conventions are the same as in Fig. 3.
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Figure 6: Binned decay distributions of χ. Conventions are the same as in Fig. 3.
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